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SYNONYMY OF ODONTACARUS EWING, 1929, AND ACOMATACARUS EWING, 
1942, WITH REDESCRIPTIONS OF O. DENTATUS (EWING) AND 
O. AUSTRALIS (EWING), ALSO DESCRIPTIONS OF THREE 
NEW SPECIES FROM SOUTHERN UNITED STATES 


(ACARINA: TROMBICULIDAE) 


JAMES M. BRENNAN! 


U.S. Department of Health, Education, and Welfare, Public Health Service, National Institutes of Health, 
National Institute of Allergy and Infectious Diseases, Rocky Mountain Laboratory, Hamilton, Montana 


ABSTRACT 


Examination of type specimens of the respective 
generotypes shows that Odontacarus (= Acomatacarus). 
Both the species placed by Ewing in Odontacarus are 
redescribed from their types, and three new species are 


Material for this study was provided by Edward 
W. Baker, U. S. National Museum; George W. 
Wharton, University of Maryland; Deane P. 
Furman, University of California, Berkeley; 
Harvey B. Morlan, Communicable Disease Cen- 
ter, Savannah, Georgia; and Richard B. Loomis, 
Long Beach State College. 


Odontacarus Ewing 

Odontacarus Ewing, 1929a, pp. 22 and 188; 1946, p. 436; 
Wharton and Fuller, 1952, p. 103. Type species: 
Trombicula dentata Ewing, 1925. 

Acomatacarus Ewing, 1942, p. 490; 
synonymy. Type species: Acomatacarus 
Ewing, 1942. 

Numerous other references not pertinent to 
the subject are excluded. 

The synonymy of these two genera has long 
been suspected. Concerning Odontacarus, Whar- 
ton and Fuller (1952) state, “‘Probably a synonym 
of Acomatacarus (Acomatacarus). Specimens in 
existence are too badly damaged to study satis- 
factorily.”” Thus, their status has remained in 
doubt. 

A single character distinguished Odontacarus 
from Acomatacarus, namely, one anteromedian 
scutal seta in the former as contrasted to two 
anterosubmedians in the latter. Apparently tera- 
tology, common in chiggers especially with respect 
to lost or gained setae, was not considered, but 
is now revealed. 

The holotypes of O. dentatus and O. australis 


1946, p. 436. New 


arizonensts 


‘Accepted for publication May 5, 1958. 


described, viz: O. cayolargoensis, of cotton rat, Sigmodon 
hispidus, Florida; O. morlani, off wood rat, Neotoma 
micropus, New Mexico; and OQ. shawi, off gecko, Coleonyx 
variegatus, southern California 


(the only other species ever included in the 
genus) have a single anterosubmedian scutal 
seta, in each case, coincidentally, to the right of 
center. In each, the left AM is lost; thus the 
specimens are freaks. In the collection of the 
Rocky Mountain Laboratory, occasional speci- 
mens within large series of various ‘Acomata- 
carus’’ species likewise are anomalies. One speci- 
men actually has a centered anteromedian scutal 
seta; several have gained scutal setae, and some 
have lost setae other than an AM. 

From a careful examination and comparison of 
the type species of Odontacarus and Acomatacarus, 
they are obviously congeneric, and regrettably, 
the better known and more widely used name 
Acomatacarus, to which more than 50 species 
have been assigned, must be reduced to synonymy 
under the much older name Odontacarus. 

In the hope of re-establishing the identity of 
the two species originally assigned to Odontacarus, 
the holotypes of each, insofar as their condition 
permits, are redescribed below. 


Odontacarus dentatus (Ewing) 

Trombicula dentata Ewing, 1925, p. 257; 1925a, p. 146; 
1929a, p. 188; André, 1928, p. 210; 1930, p. 109; Sambon 
1928, p. 77; van Thiel, 1930, p. 353. 

Odontacarus dentata Ewing, 1929, p. 28. 

Odontacarus dentatus Ewing, 1931, p. 6; 1946, p. 436; 
Vitzthum, 1941, p. 624; Radford, 1942, p. 78; Sig Thor 
and Willmann, 1947, p. 319; Fuller, 1948, p. 108; Wharton 
and Fuller, 1952, p. 103. 


This species is represented only by the holo- 
type, U. S. National Museum No. 888, Bishopp 
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No. 10681, off white-tailed deer, 35-50 miles 
from Sonora, Texas, 17 December 1922, O. G. 
Babcock, collector; and another U.S.N.M. speci- 
men off cotton rat, 353-1, Balboa, Panama, sent 
by L. H. Dunn. Both specimens are in poor 
condition, the latter, damaged beyond recognition 
and reclaim, thus is easily disposed of. It seems 
incomprehensible, however, that this specimen 
could possibly have been regarded as conspecific 
with the holotype. 

\lthough the specific identity of the holotype 
is in question, there is no doubt whatsoever as 
to its generic status. The specimen, in balsam, 
has never been remounted, is overclear, and 
according to Ewing (1946) was originally stained 
with fuchsin, of which no trace is left. It is dis- 
torted and the arrangement of body setae can 
not be determined. Neither eyes, nor most of 
the important setae of the appendages can be 
seen. All legs are present and the gnathosoma 
is intact. The scutum is distorted and out of 
place, its margins and anteromedian projection 
are no longer visible, but the sensillae and a few 
setae are present. 

The following fragmentary diagnosis is given 
because with it and eventual topotypic material 
together with the holotype, I believe that the 
identity of this species can be clearly re-established. 

Gnathosoma.—Cheliceral blades large, with 5 
small dorsal and 3 ventral teeth. Palpal claw 
apparently trifurcate. Palpal setae long, the 
femoral, genual, and dorsotibial branched. Galeal 
seta branched. 

Scutum.—Scutal measurements: AW—, PW—, 
SB-39, ASB—, PSB—, AP—, AM-41, AL-41, 
PL-—44, S-50+. The AM is slightly to the right of 
center. The sensillae are very slender and 
denuded, but the irregular contour of their sides 
suggests a few branches or barbs. 

Legs.—Long and slender. Coxa I with 2 
branched setae. A subterminala is present on 
leg I. Tarsala I is 18 and tarsala II 22 microns 
long. Microtarsala II, 3 microns, is proximal to 
tarsala II. There is no tarsala III, but a broken 
seta is strongly suggestive of a mastitarsala III. 

Dorsal setae.—Delicate and thinly branched. 
Somewhat more than 50. From about 35 to 
50 microns long, decreasing in length posteriorly. 

Ewing (op. cil.) in redescribing the genus 
mentions the presence of spiracles and tracheae. 
The spiracles are barely discernible now. 


Odontacarus australis (Ewing) 


Trombicula australis Ewing, 1929, p. 10. 

Odontacarus australis Ewing, 1931, p. 6; 1946, p. 436; 
Vitzthum, 1941, p. 624; Radford, 1942, p. 78; Sig Thor 
and Willmann, 1947, p. 319; Fuller, 1948, p. 108; Whar- 
ton, 1948, p. 87; Wharton and Fuller, 1952, p. 103. 

O. australis, the second and only other species 
placed in Odontacarus was described from ‘‘several 
specimens”’ off the lizard, Tropiduras peruvianus, 
Verrugas Cafion, below Chosica, Lima, Peru, 15 
April 1928, R. C Shannon, collector. The type, 
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which can now be considered the holotype, is 
labelled ‘‘Cotype”’ and is assigned U. S. National 
Museum No. 987; the date on the label is written 
“*15-6-28.”’ 

In addition to the holotype, which is a recog- 
nizable species, I have examined two other un- 
numbered specimens each labelled ‘“‘cotype’’ in 
Ewing’s handwriting, and dated ‘15-4-28.” 
Amazingly, these two are Eutrombicula alfred- 
dugesi (Oudemans), which may explain why 
Ewing (1929) related the species to “‘irritans”’ 
and included a Eutrombicula character: ‘Palpal 
claw bifurcate, with accessory claw element about 
as large as terminal one and placed ventrally 
near tip.” 

A brief redescription of the holotype follows. 

Body.—Red in life (from label). Ellipsoidal, 
587 by 319 microns, slightly engorged. Eyes 
large, 2/2, in a plate. 

Gnathosoma.—Cheliceral bases punctate, blades 
with 5 to 6 small dorsal teeth and perhaps a few 
ventral teeth (minute and difficult to see). 
Palpal setae very long, formula B/B/B—B. 
Claw trifurcate. Galeal seta long, branched. 

Scutum.—Margins obscure but anteromedian 
projection prominent. SB anterior to PL, AM 
almost level with AL. Only one AM but about 
2 microns to the right of center. Sensillae broken, 
but enough of one remains to show apical branch- 
ing. Setae slender, lightly branched. Measure- 
ments: AW-72, PW-90, SB-26, ASB—, PSB—, 
AP-36, AM-50, AL-42, PL-57, S 

Legs.—Long, slender. Coxae, at least, punctate. 
The specialized setae are as follows: Leg I: 2 
genualae, microgenuala; 2 tibialae, microtibiala; 
tarsala (20 uw), microtarsala, presence or absence 
of sub- and parasubterminalae, and pretarsala 
not determined. Leg II: genuala; 2 tibialae; 
tarsala (17 uw); microtarsala, pretarsala not seen. 
Leg I{I: genuala; tibiala; a mastitarsala with 
2 or 3 basal barbs. 

Dorsal setae.—Similar to scutal setae, about 44, 
first row with 10; from about 36 to 44 microns 
long, decreasing in length posteriorly, 


Odontacarus cayolargoensis, 1. w species 


Figure 1 

Type data.—Holotype and 17 paratypes, RML 
No. 34631, off cotton rat, Sigmodon hispidus, 
Key Largo, Florida, 2 January 1945, B. A. 
Barrington, collector. 

Holotype and some paratypes in the Rocky 
Mountain Laboratory. Other paratypes dis- 
tributed to the U. S. National Museum, the 
British Museum (Natural History), the South 
Australian Museum, and Muséum National 
d’Histoire Naturelle. 

Diagnosis.—2 genualae I and a genuala III 
distinguish this from other North American 
species having branched sensillae and a masti- 
tarsala III. 

Body.—Broad-oval. Holotype, partly engorged, 
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484 by 330 microns. Eyes 2/2,ina plate. Anus 
at about level of third row of ventral setae. 
Gnathosoma.—Cheliceral bases and capitular 
sternum with few puncta. Blades with 5-6 
dorsal, and 5-6 ventral teeth; the ventral ones 
are smaller and unevenly spaced; an occasional 
dorsal tooth is bicuspid. Palpal setal formula: 
B/B/BNN;; palpal tibial claw trifurcate; palpal 
tarsus with 6 branched setae, a long subterminala 
and rather long tarsala. Galeal seta branched. 


+. 1.—Odontacarus cayolargoensis, n. sp. 


Synonymy of Odontacarus and Acomatacarus 


of holotype: AW-58, PW-81, SB-25, ASB-31, 
PSB-17, AP-20, AM-37, AL-43, PL-53, S-60+-. 

Sparsely punctate. Specialized setae. 

2 genulae, microgenuala; 2 tibialae, 
microtibiala; short tarsala, microtarsala proximal 
to it, long subterminala, no parasubterminala, 
pretarsala. Leg II: genuala; 2 tibialae; tarsala, 
microtarsala, pretarsala. Leg III: genuala; tibiala; 
mastitarsala. Branched setae—Leg I: coxa 2, 
trochanter 1, femur 6, genu 4, tibia 8, tarsus 19. 


Scutum, cheliceral blade, and specialized setae of legs 


showing lengths in microns. 


Scutum.—Wider than long, posterior margin 
broadly rounded (occasionally somewhat angular) 
sparsely punctate. Sensillary bases well sepa- 
rated, posterior to posterolateral setae. Antero- 
submedian setae barely posterior to anterolaterals. 
Sensillae appear nude, but actually have a few 
median branches. Scutal setae thick, with nu- 
merous appressed barbs. Scutal measurements 


Leg II: coxa 1, trochanter 1, femur 5, genu 4, 
tibia 6, tarsus 16. Leg III: coxa 1, trochanter 
1, femur 4, genu 4, tibia 6, tarsus 14. Tarsi with 
a pair of claws and much longer empodium 
between them. 

Body setae.— Dorsal setae similar to scutal setae, 
32 to 52 microns long, increasing in length pos- 
teriorly. Setal bases, as seen on margin, tubercu- 
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late. Dorsal formula approximately 2-10-6-6 
6-6-4-4-2. Ventral setae 2 sternals plus about 
40, those posterior to the anus like the dorsalis. 

Anomaly.—One paratype with a single antero- 
median scutal seta centrally placed. 


Odontacarus morlani, new species 
Figure 2 


Type data. 
No. 31230, 


Holotype and 7 paratypes, RML 
off wood rat, Neotoma micropus, 


FiG, 2.—Odontacarus morlani, n. sp. 
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North American forms having barbed sensillae 
and mastitarsala III. 

Body.—Oval. Holotype, very slightly engorged, 
340 by 200 microns. Eyes prominent, 2/2, in a 
plate. Anus between third and fourth rows of 
ventral setae. 

Gnathosoma.—Cheliceral bases with few puncta 
basally. Blades with 4-5 small dorsal, and about 
3 minute, widely separated ventral teeth. Palpal 
setae branched; claw trifurcate; tarsus with 6 


Scutum, cheliceral blade, and specialized setae of legs 


showing lengths in microns. 


Santa Fe, New Mexico, 28 October 1952, H. B. 
Morlan, collector; 1 paratype, RML No. 31261, 
same data, 10 December 1952; 1 paratype, RML 
No. 31270, Peromyscus leucopus, same locality, 
17 December 1952. 

Holotype and some paratypes in the Rocky 
Mountain Laboratory. Other paratypes to the 
U.S. National Museum, British Museum (Natural 
History), and South Australian Museum. 

Diagnosis.—The absence of a subterminala is 
sufficient to distinguish O. morlani from other 


branched setae and a tarsala. Galeal seta 
branched. 

Scutum.—Wider than long, with broadly 
rounded posterior margin and prominent antero- 
median projection, sparsely punctate. Sensillary 
bases anterior to posterolateral setae. AM 
posterior to AL. Sensillae nude except for 
minute basal barbs. Scutal setae thick, heavily 
barbed. Measurements of holotype: AW-66, 
PW-83, SB-28, ASB-30, PSB-24, AP-31, AM 


34, AL-42, PL-47, S-72. 
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Legs.—Punctate. Specialized setae.—Leg I: 1 
long genuala, microgenuala; 2 short tibialae, the 
proximal acuminate, the distal blunt, microtibiala; 
tarsala, microtarsala proximal to it, no sub- or 
parasubterminala, pretarsala. Leg II: a blunt 
microgenuala; 2 tibialae; long tarsala, micro- 
tarsala proximal to it, pretarsala. Leg III: no 
genuala; tibiala; mastitarsala with few basal 
barbs. Branched setae.—Leg I: coxa 2, trochanter 
1, femur 6, genu 4, tibia 8, tarsus 18. Leg IT: 


Fic. 3.—Odontacarus shawi, n. sp. 


Synonymy of Odontacarus and Acomatacarus 


Apparently 6 humerals on each side, 3 dorsal and 
3 ventral (between coxae II and III). Ventral 
setae, 2 sternals plus about 70, those posterior to 
the anus like the dorsals. 

Named for the collector, Harvey B. Morlan. 


Odontacarus shawi, new species 
Figure 3 


Type data.—Holotype and 14 paratypes, RML 
No. 34387, off gecko, Coleonyx variegatus, Borrego 


Scutum, cheliceral blade, and specialized setae of legs 


showing lengths in microns. 


coxa 1, trochanter 1, femur 5, genu 4, tibia 6, 
tarsus 16. Leg III: coxa 1, trochanter 1, femur 
4, genu 5, tibia 6, tarsus 14. All tarsi with a pair 
of claws and slender empodium. 

Body setae ——Dorsal setae about 80, similar to 
scutal setae, 29 to 43 microns long, increasing in 
length toward lateral margins and posteriorly. 


Desert, San Diego County, California, 13 June 


1957, Charles E. Shaw and Deane P. Furman, 
collectors; 2 paratypes, RML No. 34631, same 
data; 3 paratypes, RML No. 34632, same data; 
5 paratypes, RML No. 34633, same host and 
locality, 27 April 1957, R. B. Loomis, collector; 
3 paratypes, RML No. 34634, same data, 26 April 
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1957, 7 paratypes, RML No. 34637, same host and 
locality, 27 April 1957; 9 paratypes, same host 
and locality, 6 May 1957, W. A. Powden, collector; 
3 paratypes, RML No. 34635, same host, River- 
side County, California, 4 May 1957, W. Hillier, 
collector. 

Holotype and some paratypes in the Rocky 
Mountain Laboratory. Other paratypes to U. S. 
National Museum, British Museum (Natural 
History), South Australian Museum, Muséum 
National d’Histoire Naturelle, University of Cali- 
fornia, Berkeley, and R. B. Loomis, Long Beach 
State College. 

Diagnosis. O. shawi is distinguished from other 
North American species of the genus having 
branched sensillae and a mastitarsala III by a 
subterminala and 1 genuala I. 

Body.—Ellipsoidal. Holotype, partly engorged, 
464 by 265 microns. Eyes 2/2,ina plate. Anus 
at level of third row of ventral setae. 

Gnathosoma.—Cheliceral bases and capitular 
sternum punctate. Blades with 5 small dorsal, 
and 5 smaller, widely separated, ventral teeth. 
Palpal setae delicate, formula: B/B/BNB 
claw trifurcate; tarsus with 5 delicate branched 
setae and a very minute tarsala difficult to see. 
Galeal seta branched. 

Scutum.—Punctate, wider than long, posterior 
margin broadly rounded. SB level with, or 
barely posterior to, PL. AM slightly posterior to 
AL. Sensillae branched on apical half, minutely 
barbed on basal half. Scutal setae heavily 
barbed. Measurements of holotype: AW-55, 
PW-75, SB-31, ASB-22, PSB-12, AP-21, AM 
32, AL—26, PL—42, S-64. 

Legs.—Punctate. Specialized setae——Leg I: 1 
normal genuala, stubby microgenuala; 2 short 
and blunt tibialae, stubby microtibiala; short 
tarsala, microtarsala distal to it, sub- and para- 
subterminala, pretarsala. Leg II: stubby micro- 
genuala, two small, blunt tibialae, long, slender 
tarsala, microtarsala distal to it, pretarsala. Leg 
III: no genuala; short, slender tibiala; masti- 
tarsala with 2 or 3 barbs basally. Branched 
setae.—Leg I: coxa 2, trochanter 1, femur 6, 
genu 4, tibia 8, tarsus 18. Leg II: coxa 1, 
trochanter 1, femur 5, genu 4, tibia 6, tarsus 16. 
Leg III: coxa 1, trochanter 1, femur 4, genu 4, 
tibia 6, tarsus 14. All tarsi terminated by a 
pair of claws and a claw-like empodium. 

Body setae.—Dorsal setae like the scutal setae, 
25 to 36 microns long, increasing in length 
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posteriorly. Dorsal formula: 2-8-—8-8-8-6-2. 
Ventral setae, 2 sternals plus 24, those posterior 
to the anus like the dorsals. 

Named for the collector of the type host, Dr. 
Charles E. Shaw, Curator of Reptiles, San Diego 
Zoological Gardens, San Diego, California. 
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KEYS TO THE CHIGGERS OF NORTH AMERICA WITH SYNONYMIC NOTES 
AND DESCRIPTIONS OF TWO NEW GENERA (ACARINA: TROMBICULIDAE) 


JAMES M. BRENNAN anp ELEANOR K. JONES! 


ABSTRACT 


Diagnostic keys are given for 24 genera, 158 species, 
and 3 subspecies of trombiculid larvae from continental 
North America, including Mexico. Original references 
are given for all forms and groups included. New genera 


Precise and intensive study of chiggers came 
into its own during World War II. Since then, 
the number of named forms has been increasing 
at an incredible rate. Furthermore, in this 
relatively short interval, the literature dealing 
with them is approaching comparative massive- 
ness and has become widely scattered. 

In an effort to keep pace with this sudden turn 
of events, and in order to facilitate and accelerate 
identification of chiggers received by us through- 
out the past 12 or more years, we have, as the 
need dictated, prepared and used tentative 
synoptic keys to species. Such keys are par- 
ticularly useful in the case of larger groups 
(Euschingastia, Neotrombicula, Trombicula sens. 
lat.). 

The present paper is an attempt to revise and 
bring to date our keys to include all North 
American species. For this task, in addition to 
our own studies, we have drawn freely from 
published descriptions and keys. North America 
is interpreted as the continent proper, including 
Alaska, Canada, the United States, and Mexico. 

Nomenclatorial and taxonomic problems have 
been avoided insofar as possible. However, 3 
species are synonymized, some cases of suspected 
synonymy are discussed, and 2 new genera are 
erected for species obviously misplaced. The 
keys include 24 genera and subgenera, 158 
species, and 3 subspecies. Reference to the 
original description is given for each. Terminology 
has been adapted from Wharton et al. (1951); 
also see figures 1 and 2. Where a group is rep- 
resented in North America by a single species, 
that species is named in the key to genera and 
subgenera. Capital letters in parentheses, im- 
mediately preceding a generic or specific name in 
the keys, refer to correspondingly lettered 
silhouettes (fig. 3) showing generalized scutal 
shapes. These are guides only, and are not to 
be construed as representing specific scutums. 
Therefore, considerable latitude is permitted for 
interpreting ratio of width to length, sinuous 
margins, lateral angles, etc. 


'From Department of Health, Education, and Welfare, 
Public Health Service, National Institutes of Health, 
National Institute of Allergy and Infectious Diseases, 
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are: Sasacarus, type Chatia furmani Hoffmann, and 
Hoffmannina, type Novotrombicula suriana Hoffmann. 
New synonymy is given under three species, and several 
cases of suspected synonymy are also discussed. 


Trombicula myops Vitzthum, 1931, from Vene- 
zuela, later reported by Wharton (1938) from 
Yucatan, and Odontacarus dentatus (Ewing), 1925, 
from Texas and Panama (?), are omitted from 
the keys because evidence for their specific 
recognition is insufficient. Trombicula camilla 
Wharton, 1938, from Yucatan, known only in 
the adult stage, is also omitted. 

Trombicula (Eutrombicula)  acuitlapanensis 
Hoffmann, 1957, is related, according to the 
author, to Eutrom. belkini Gould. An examina- 
tion of the holotype suggests subgeneric misplace- 


SUBTERMINALA 


PARASUBTERMINALA PRETARSAL A 


TARSALA MICROTARSALA 


TIBIALA 
MICROTIBIALA 


MICROGENUALA 


GENUALA 


TROCHANTER 
BASIFEMUR 


TELOFEMUR 


STERNAL SETA 


MAL SETA-+ 


VENTRAL SETA 


MASTIFEMORALA 


MASTITIBIALA 


MASTITARSALA 


J) 

Fic. 1.—Diagram of venter, dorsum and legs of a 
trombiculid larva (chigger) showing segments and 
specialized setae of legs, and setae of bodv. Adapted 
from Gould (1956) 


ment. Only the bifurcate palpal claw is sugges- 
tive of Eutrombicula. The scutal shape is not 
characteristic of the subgenus, leg I has only two 
genualae (not three as described), and leg III 
lacks mastisetae. In the key to Trombicula sens 
lat., this Mexican species would run to 7. jamesoni, 
to which it is in no sense related morphologically, 
geographically, or biologically. 
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NEW GENERA 
Sasacarus, new genus 


Trombiculid larvae of the subfamily LEEv- 
WENHOEKIINAE. Spiracles and trachea present. 
Cheliceral blade with tricuspid cap only. Palpal 
tibial claw trifurcate, inner dorsal margin of 
basal portion denticulate. Scutum without an- 
teromedian projection and with three pairs of 
setae of similar form; ee as A 
single eye on each side of scutam. Empodium 
present on all tarsi. 

Type species: Chatia furmani Hoffmann, 1954. 

Sasacarus furmani (Hoffmann) resembles the 
type species of Chatia, C. setosa Brennan, only in 
the general aspect of the scutum and the single 


--- DORSAL TIBIAL SETA 
yr LATERAL TIBIAL SETA 
j 


PALPAL CLAW----\\\ 
GALEAL SETA-.  \ 


CHELICERAL 
BLADE ~ 


PSEUDOCHELA~ 
~ FEMORAL SETA 
GALEA ~~ 


CHELICERAL 
BASE ~~ 


PUNCTA- 


Fic. 2. 


B. Ventral view of half of gnathosoma and anterolateral portion of body. 
Adapted from Gould (1956). 


measurements, and eyes. 
large eye on each side of it. Otherwise the two 
genera are not closely related. 

This genus is dedicated to Dr. Manabu Sasa in 
recognition of his many contributions to the 
taxonomy and biology of Japanese chiggers. 


Hoffmannina, new genus 
Trombiculid larvae of the subfamily Tromst- 
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CULINAE. Trombicula-like in general form. Scu- 
tum wider than long, with seven setae. Cheliceral 
blade with subapical ventral tooth, no dorsal 
tooth. Palpalclawtrifurcate. A mastitarsala III. 

Type species: Novotrombicula suriana Hoff- 
mann, 1954. 

The type species of Hoffmannina and of 
Novotrombicula (N. owiensis Womersley and 
Kohls, a New Guinea form) are not considered 
congeneric in spite of superficial resemblances, 
such as seven scutal setae, etc. The cheliceral 
blade of N. owiensis has a prominent subapical 
dorsal tooth and a conspicuouly toothed subapical! 
ventral cap; the scutum is elongate, longer than 
wide; the palpal claw is bifurcate; the galeal setae 
is extremely long. 


SUBTERMINALA, 
‘ 


7---TARSALA 


SS. VENTRAL 
TIBIAL SETA 


--URSTIGMEN 


= a_/ 
- SEMBILLARY BASE 
7 


( ) __EYES 
IN PLATE 


A. Dorsal view of half of gnathosoma showing principal setae and structures used in classification. 


C. Scutum showing designation of 


Only the three original specimens of the type 
series of H. suriana are known. All lack sensillae, 
but these were presumed by Hoffmann (probably 
correctly) to be flagelliform. 

Two other trombiculine genera have more than 
five scutal setae. These are Kaaia, with seven, 
and Heaslipia, usually with more than seven, 
both with scutums wider than long. Kaaia, from 





1959] Brennan and Jones: 
South America, is distinguished principally by a 
single-pronged palpal tibial claw and no masti- 
tarsala III; Heaslipia, from the Old World, whose 
species are typically parasitic on water birds, 
has a trifurcate palpal claw, a mastitarsala III, 
and a subapical dorsal tooth on the cheliceral 
blade. 


NEW SYNONYMY 

Hannemania hegeneri Hyland, 1956 (=H. multifemorala 
Loomis, 1956). 

Following consultation with the authors and 
examination of type material and descriptions, 
there seems to be no doubt that these forms are 
conspecific. H. multifemorala, dating from June 
1956, is therefore sunk as a synonym of the 
sarlier-named H. hegeneri, dating from April 1956. 
Trombicula (Neotrombicula) carterae Brennan and Whar- 

ton, 1950 (=T. farrelli Brennan and Wharton 1950). 

These forms are separable only by a few extra, 
irregularly arranged, dorsal setae in 7. farrelli. 
The type series of the former is represented by 4 
specimens, of the latter by 3 specimens. The 
host species and locality are identical for both, 
and both were collected in midwinter. Evi- 
dence at hand does not justify the retention of 
these forms as separate specific entities; therefore, 
by page priority, 7. farrelli is reduced to a 
synonym of 7. carterae. 

Trombicula (Miyatrombicula) esoensis Sasa and Ogata, 
1953, (= Trombicula (Trombicula) reesit Allred, 1958). 
Allred’s species is sunk as a synonym of the 

earlier T. (M.) esoensis, from which it differs only 

by additional dorsal setae. More study of the 

high altitude Utah form may show that it is a 

subspecies. 


SUSPECTED SYNONYMY 
Trombicula (Neotrombicula) harperi Ewing, 1928, T. 
microti Ewing, 1928, and T. browni Brennan and Whar- 

ton, 1950. 

See Kardos (1954) for details ‘attempting to dis- 
tinguish these three forms. Earlier, Brennan 
and Wharton (1950) regarded T. harperi and T. 
microti as distinct on the basis of nude vs. 
branched galeal seta. This is not a constant 
character in far-western United States forms, 
and for this reason Gould (1956) treated them as 
a single polymorphic species and sank 7. microti. 
Elsewhere, however, they are rather easily sepa- 
rated, and for this reason both are included in 
the key. Brennan and Wharton (1950) described 
T. browni, a western form based on only a few 
Wyoming specimens, and distinguished it from 
T. microti on the basis of basally vs. apically 
barbed sensillae. Transitional forms are not 
known. T. browni, nonetheless, may represent 
merely another population variant of Gould’s 
polymorphic species. 

Trombicula (Neotrombicula) whartoni Ewing, 1929, and 

T. goodpasteri Brennan and Wharton, 1950. 


These forms are distinguished only on a basis 
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of extra humeral setae in 7. goodpasteri; but 
yariance in their number, as well as in the number 
of dorsal setae, has beer noted. The situation 
here may be analogous to that of 7. carterae 
(=T. farrelli), but more evidence is needed before 
synonymy can be established. 

Trombicula (Leptotrombidium) panamensis Ewing, 1925, 

and 7. potosina Hoffmann, 1950. 

These are separated on rather tenuous charac- 
ters and may well be synonyms. An examination 
of type material of each form reveals minor dif- 
ferences of dubious specific value. At present, 


Fic. 3. 


Generalized scutal shapes to be used in 
conjunction with keys. 


however, evidence that they are identical is no 
better than that they are separable. Ryckman 
(1955) has recorded both forms off one Perognathus 
from Sonora, Mexico. 


A scoschéngastia pedregalensis 
anomala Hoffmann, 1951. 


An examination of type material of these forms 


Hoffmann, 1951, and A 





10 Annals Entomological Society of America 


jeopardizes their status. Differences are dubi- 
ously specific. Furthermore, finding two distinct 
species of a tiny and unstable subgenus, collected 
at the same time, at the same locality, from the 
same host species, seems rather unlikely. A 
more thorough study of these forms is indicated. 
Euschéngastia carolinensis Farrell, 1956 and E. ohtoensis 

Farrell, 1956. 

Farrell (1956) states that these ‘‘are mor- 
phololgically and geographically distinct; but 
they share obvious morphological similarities.”’, 
and later, from ecologic evidence, postulates that 
they are subspecies. The few collections of these 
forms are insufficient to support a hypothesis of 
geographic distinctness. In fact, faunally, the 
locations more nearly suggest geographic same- 
ness. No decision as to the status of these forms 
can be made from the meager evidence at hand, 
but we do believe that here again is a fairly well 
defined case of a polymorphic species. 
Euschéngastia radfordi Brennan and Jones, 1954, and E 

decipiens Gould, 1956. 

E. radfordi is a highly polymorphic, common 
species having a wide host distribution throughout 
far western United States. E. decipiens is dis- 
tinguished from it only by one genuala I. How- 
ever, series of the former from Oregon, Montana, 
Idaho, and Utah show variably 2 and 1 genualae 
I within the same lot. The character, therefore, 


appears to be inconstant, although it is true that 


the large majority of specimens of E. radfordi 
have 2 rather than 1 genualae I. Here, intensive 
biologic study of the various forms is greatly 
needed to establish actual relationships 


Euschéngastia rubra Farrell, 1956, and E. magna Farrell, 

1955. 

The latter, of which only two specimens (Cen- 
tral Pennsylvania) are known, is distinguished 
from the former (North Carolina) by 4 larger 
scutum and more dorsal setae. Farrell (1956) 
himself states that the relationship between these 
forms “is by no means clear.”’ We believe that 
these forms are conspecific and reflect only 
population differences. 


KEY TO GENERA AND SUBGENERA 
Sensillae flagelliform (in Speleocola heavily 
sheathed with broad setules, thus seem- 
ingly expanded) 2 
Sensillae expanded (clavate, capitate, etc.)...18 
Leg segmentation 6-6-6, 2 anterosubmedian 
scutal setae (Leeuwenhoekiinae) 3 
Leg segmentation 7-7-7, 1 anteromedian 
scutal seta (Apoloniinae, Trombiculinae). . 9 
Scutum with anteromedian projection 4 
Scutum without anteromedian projection 6 
Cheliceral blades without rows or series of 
teeth, spiracles and tracheae absent 
Comatacarus Ewing, 1942 
Cheliceral blades with rows or series of teeth, 
spiracles and tracheae present 5 
Cheliceral blades with broad, sagittate distal 
expansion bearing numerous teeth, parasitic 
on amphibians only 
Hannemania (udemans, 1911 


6. ( 3.) 
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Cheliceral blades without sagittate expansion, 
but with dorsal and/or ventral row of teeth, 
parasitic principally on mammals and 
reptiles nae 

Odontacarus Ewing 1929 

(= Acomatacarus Ewing, 1942) 

Empodium of all tarsi absent... . 

(J) Chatia Brennan, 1946 

One species only, C. setosa Brennan, 1946; on 
rodents and lagomorphs; western U. S. 

Empodium of all tarsi present 

Cheliceral blades with row or rows of teeth, 
spiracles and tracheae present; on bats 
principally . Whartonia Ewing, 1944 

Cheliceral blades with tricuspid cap only, 
spiracles and tracheae present or absent. 8 


> 
‘ 


Spiracles and tracheae present, inner margin 
of basal part of palpal claw denticulate 
(M) Sasacarus n. g. 
One species only, S. furmani (Hoffmann, 
1954); on rodents; Oaxaca, Mexico. 

Spiracles and tracheae absent, basal part of 
palpal claw simple. . 

(J) Shunsennia Jameson and Toshioka, 1953 
One North American species, S. ochotona 
(Radford), 1942; on rodents and _ lago- 
morphs; western U. S. 

Scutum with anteromedian projection 
(Apoloniinae) . .(R) Womersia Wharton, 1947 
One species only, W. strandtmani Wharton, 
1947; on pelican; Texas. 

Scutum without anteromedian projection 
(Trombiculinae).. . 10 

Anterolateral setae of scutum stubby, peg-like 

(J) Fonsecia Radford, 1942 
One North American species, F. palmella 
Brennan and Loomis, (MS); on reptiles; 
Louisiana. 

Anterolateral setae not stubby... 11 
Scutum with 7 setae (S) Hoffmannina n. g. 
One species only, H. suriana (Hoffmann), 

1954; on rodents; Chiapas, Mexico. 

Scutum with less than 7 setae 12 

Sensillae heavily sheathed with eapanded 
setules, resembling a head of grain 

(K) Speleocola Lipovsky, 1952 
One species only, 5S. tadaridae Lipovsky, 
1952; on bats; Oklahoma. 

Sensillae normal, branched or nude... .. 13 

Scutum with 3 setae, the posteriolaterals dis- 
placed on the dorsum. 

(D) Tecomatlana Hoffmann, 1947 
One North American species, 7. sandovali 
Hoffmann, 1947; on bats; Puebla, Mexico. 

Scutum with 5 setae. . a 

Palpal claw bifurcate, the accessory prong 
inner and ventral. .Eutrombicula Ewing, 1938 

Palpal claw trifurcate, rarely bifurcate, in 
which case the accessory prong is outer and 
dorsal (5-pronged in Trombicula jamesoni 
Brennan) 15 

Mastitibiala III present, scutum pentagonal 
or subpentagonal . .Neotrombicula Hirst, 1915 

Mastitibiala III absent, scutum variously 
shaped (Trombicula aplodontiae Brennan 
has a mastitibiala III, but the hexagonal, 
posteriorly striated scutum and _ other 
characters preclude it from Neotrombicula . 16 


14 


Scutum roughly rectangular or trapezoidal, 
sensillae branched, palpal femoral, genual, 
laterotibial and ventrotibial setae nude, 
galeal seta branched, 2 genualae | 

Leptotrombidium Nagayo et al., 1916 

Without this combination of characters 17 





Brennan and Jones: 


Scutum pentagonal with acute posterior angle, 
sensillae heavily branched or barbed for 
entire length, coxa III with 2 or more setae, 
SOONG Ba... mes 3 

Miyatrombicula Sasa, Kawashima, 
and Egashira, 1952 

Without this combination of characters... . . 
Trombicula Berlese, 1905 (sens. /ot.) 

Leg segmentation 7-6-6 (Gahrliepiinae, 
Trombiculinae) 19 

Leg segmenation 7-7-7 (T1. biculinae).... .21 

Scutum with 4 setae, the anteromedian 
absent (Gahrliepiinae) .. Walchia Ewing, 1931 

Scutum with 3 or 5 setae, the anteromedian 
present (Trombiculinae)........... 20 

20. With 3 scutal setae, dorsal setae of usual form 
Pseudoschéngastia Lipovsky, 1951 
With 5 scutal setae, dorsal setae cordiform 
(J) Cordiseta Hoffmann, 1954 
One species only, C. mexicana Hoffmann, 
1954; on rodents; Chiapas and Michoacan, 
Mexico. 
Distal portion of cheliceral blades serrate 
ventrally 


. (18.) 


Cheladonta Lipovsky, Crossley, 
and Loomis, 1955 
Distal portion of cheliceral blades with usual 
tricuspid cap, not serrate ventrally cana 
With 3 scutal setae. 
Ascoschéngastia Ewing, 1946a 
With 5 scutal setae. 23 
Scutum submerged so that integumenta! 
striae encroach on its posterior portion in a 
definite pattern of whorls; parasitic prin- 
cipally on birds . Neoschéngastia Ewing, 1929b 
Scutum not submerged, occasionally a few 
striae present near posterior margin 
Euschéngastia Ewing, 1938 


KEY TO SPECIES 
Genus Leeuwenhoekia Oudemans, 1911 
Type species: Heterothrombidium verduni Oudemans, 1910 
Subgenus Comatacarus Ewing, 1942 
Type species: Comatacarus americanus Ewing, 1942 
Two genualae I; Ontario, Alabama, midwestern and 
western U. S (1) americana (Ewing), 1942 
One genuala | 2 
Genualae II and III present, tibiala II] absent, 
galeal seta branched; California 
(1) stewarti Gould, 1956 
Genualae II and III absent, tibiala III present, 
galeal seta nude; California, Idaho. 
(1) dolosa Gould, 1956 


Genus Hannemania Oudemans, 1911 
Tvpe species: Heterothrombidium hylodeus Oudemans, 1910 
1. Femoralae I and III absent, 1 genuala II and III; 
southwestern U. S.; San Luis Potosi, Mexico 
(R) hylae (Ewing), 1925a 
Femoralae I and III present, more than 1 genuala 
i-and fil... 2 
Palpal ventrotibial seta branched, more than 5 
genualae III; southeastern and midwestern U. S. 
(R) hegeneri Hyland, 1956 
Palpal ventrotibial seta nude, not more than 5 genualae 
TPS oes am : 3 
3. Two or three genualae II and III; southeastern and 
midwestern U.S... (R) dunni Sambon, 1928 
Five genualae II and III; southern and midwestern 
U.S (R) eltoni Sambon, 1928 


Genus Odontacarus Ewing, 1929 
=(Acomatacarus Ewing, 1942) 
Type species: Trombicula dentata Ewing, 1925 
Tarsala III present, mastitarsala III absent, 
sensillae nude. 
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Tarsala III absent, mastitarsala III present 


or absent, sensillae branched or nude ‘ 5 
One genuala I; Colorado, Utah 
(I) micheneri (Greenberg), 1952 


Two genualae | 
Dorsal setae about 100 ; 4 
Dorsal setae about 50; Chiapas, Mexico 
(1) chiapanensis (Hoffmann), 1948 
western U.S re 
(1) hirsutus (Ewing), 1931 
AM>AL; Mexico, D. F 
(1) bakeri (Hoffmann), 1951 
Mastitarsala III present, sensillae branched or 
nude ; ) 
Mastitarsala III absent, sensillae branched. . . 12 
Cheliceral blade with only 1 ventral tooth, 
tarsala II expanded distally; midwestern 
and western U. S., Mexico; on lizards only 
(1) arizonensis (Ewing), 1942 
Cheliceral blade with several ventral teeth, 
tarsala II normal 7 
Two genualae I, palpal ventrotibial seta nude, 
sensillae branched; Key Largo, Florida 
(I) cayolargoensis Brennan, 1958 
One genuala I, palpal ventrotibial seta 
branched, sensillae branched or nude 8 
Subterminala and parasubterminala present; 
California; on gecko. .(I) shawi Brennan, 1958 
Subterminala and parasubterminala absent 9 
Sensillae barbed, mastitarsala III with few 
branches basally; New Mexico 
(1) morlani Brennan, 1958 
Sensillae nude, mastitarsala III nude 10 
Posterior margin of scutum flattened, at least 
not angulate, SB at level of PL; Arkansas 
(1) whartoni (Greenberg), 1952 
Posterior margin of scutum angulate, SB an- 
terior to level of PL 11 
A microfemorala II, dorsal setae about 120; 
Arkansas. . .(F) polychaetus (Greenberg), 1952 
No microfemorala I], dorsal setae about 90; 
Kansas, Texas (F) galli (Ewing), 1946 
One genuala I, subterminala and parasubter- 
minala absent; California 
(T) brevicalcar (Brennan and Jones), 1954 
Two genualae I, subterminala and parasub- 
terminala present or absent 13 
Subterminala and parasubterminala present, 
a genuala II and III, dorsal setae about 64; 
Utah, California 
(I) linsdalei (Brennan and Jones), 1954 
Subterminala and parasubterminala absent, 
no genuala II and III, dorsal setae about 
100; Kansas. .(T) plumosus (Greenberg), 1951 


Genus Whartonia Ewing, 1944 
Type species: Hannemania nudosetosa Wharton, 1938 
1. Tarsala III present, dorsal setae about 30; Yucatan, 
Jamaica (H) nudosetosa (Wharton), 1938 
Tarsala III absent, dorsal setae 50 or more 2 
Subterminala and parasubterminala present, sen- 
sillae branched, cheliceral blades with a double 
row of teeth dorsally; Montana, California, Utah 
(J) perplexa (Brennan), 1947 
Subterminala and parasubterminala absent, sen- 
sillae branched or nude; cheliceral blades with a 
single row of teeth 3 
Sensillae nude, inner dorsal margin of basal part of 
palpal claw. denticulate; Puebla, Mexico; 
California (M) whartoni Hoffmann, 1951 
Sensillae branched, basal part of palpal claw 
simple; Kansas (J) senase (Greenberg), 1952 


AM <AL; 


Genus Gahrliepia Oudemans, 1912 
Typhlothrombidium nanus Oudemans, 1910 
Subgenus Walchia Ewing, 1931 
(Thromiidium glabrum Walch, 1922) - 
Walchia ewingi Fuller, 1952 


Type species: 


Type species: 
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A tibiala 
branched, 
Mexico 


Ill, 


scutum 


palpal femoral and genual setae 
wider than long; Chiapas, 
(G) gouldi Hoffmann, 1954 
No tibiala III, palpal femoral and genual setae 
nude, scutum longer than wide; southeastern, 
midwestern, and western U.S 
(D) americana Ewing, 


1905 sens.lat. 
1905 


1942 


Genus Trombicula Berlese, 


Type species: Trombicula minor Berlese, 
Mastitarsala III present 
Mastitarsala III absent 1% 
Mastifemorala III and mastitibiala III 
present, striations on posterior part of scutum 
obscure the margin; Washington, Oregon, 
California; on A plodontia 
(E) aplodontiae Brennan, 1946a 
Mastifemorala III and mastitibiala III ab- 
sent, no striations on posterior part of 
scutum 
Two genualae I 
Three genualae | 
Sensillae nude, scutum verrucose; 
on bats 
(Q) merrihewi Loomis and Lipovsky, 1954 
Sensillae branched, scutum  verrucose or 
punctate ; 5 
Scutum verrucose, and about as wide as long; 
Kansas, Colorado; on rodents 
(Q) ornata Loomis and Lipovsky, 1954 
Scutum punctate and wider than long 6 
Coxa III with 1 seta, palpal dorsotibial seta 
branched; Mexico, D. F 
(S) bakeri Ewing, 1946 
Coxa III with 3 to 4 setae, palpal dorso- 
tibial seta nude 7 
Dorsal formula begins 2-8-8, galeal seta 
branched, non-specialized setae of legs with 
numerous branches; Alberta, midwestern 
and mountain states, U. S.; Coahuila, 
Mexico (J) arenicola Loomis, 1954 
Dorsal formula begins 2-6-6, galeal seta nude 
or forked, nonspecialized setae of legs with 
few branches; midwestern and _ western 
U. S., Texas .(J) montanensis Brennan, 1946a 
Sensillae aude; Baja California, Mexico; on 
lizards (G) nativitatis Hoffmann, 1950 
Sensillae branched 9 
Three pairs of sternal setae, palpal claw bifurcate, 
galeal seta nude or forked, coxa III with 
several setae. 10 
Two pairs of sternal setae, palpal claw tri 
furcate, galeal seta branched, coxa III 
with one seta 11 
Coxa III with 3 to 4 setae, scutum large, 
without posterolateral angles, sensillae 
lightly branched; Kansas, California 
(S) trisetica Loomis and Crossley, 1953 
Coxa III with 4 to 6 setae, scutum smaller, 
with posterolateral angles, sensillae heavily 
branched; Kansas, Oklahoma 
(E) crossleyi Loomis, 1954 
With one nude mastitarsala II] ; Mexico, D. F. 
(S) azteca Hoffmann, 1952 
With two basally barbed mastitarsalae III. ..12 
Palpal dorsotibial and laterotibial setae nude, 
about 100 dorsal setae, no humerals, tar- 
sala I>tarsala II; Utah. 
(J) doremi Brennan and Beck, 1956 
Palpal dorsotibial and laterotibial setae 
branched, about 28 dorsal setae, humerals 
distinct, tarsala I<tarsala II; Utah...... 
(J) allredi Brennan and Beck, 1956 
One genuala I, coxa III with 2 setae, no 
tibiala III; California...(G) sola Gould, 1956 
More than one genuala I, coxa III with 1 
seta, a tibiala IT] 14 


Oklahoma; 


. ( 3.) 


.t B2 


13. ( 


14. 


15. 


Type species: 
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Two genualae I... 15 
Three genualae | 16 
Subterminala and parasubterminala present, 
genuala IT and III present; New York; on 
shrews (B) jamesoni Brennan, 1943 
Subterminala and parasubterminala absent, 
genuala II and III absent; midwestern and 
western U. S., Texas. .(J) hoplai Loomis, 1954 
Galeal seta branched... . 17 
Galeal seta nude..... ; 20 
Eyes absent, scutum pentagonal with acute 
posterior angle; Tamaulipas, Mexico; on 
bats (O) boneti Hoffmann, 1952 
Eyes present, scutum otherwise. . .. : 18 
Palpal setal formula N/N/NNN/; Utah, 
Kansas. .. .(S) kardosi ate 1954 
Palpal setal formula B/B/BBB/ ...19 
Parasubterminala branched, tarsala I = tarsala 
II; California . .(S) jessiemae Gould, 1956 
Parasubterminala nude, tarsala I >tarsala I]; 
Illinois, Nebraska, Kansas. . 
(S) fitchi Loomis, 1954 
Palpal genual seta branched, scutum deep, 
approximately square; Puebla, Mexico; on 
bats... (Q) beltrani Hoffmann, 1949 
Palpal genual seta nude, scutum wider than 
long.... 21 
One pair of eyes, SB about level with PL; 
Kansas; Coahuila, Mexico 
(B) kansasensis Loomis, 1955 
Two pairs of eyes, SB anterior to PL. . 
(B) gurneyi Ewing, 1937. .22 
Scutum small; southeastern and midwestern 
U.S (B) gurneyi gurneyi Ewing, 1937 
Se utum large; midwestern U.S... 
(B) gurneyi campestris Loomis, 1955 


Genus Trombicula 
Subgenus Eutrombicula Ewing, 1938 
Microthrombidium alfreddugesi 
Oudemans, 1910 
Three mastitarsalae III, 2 mastitibialae III.. 
One mastitarsala III, no mastitibiala III. . 
Dorsal setae 50 to 54; Florida and Keys 
(J) multisetosa (Ewing), 1943 
Dorsal setae 36 to 38; Kansas, southern U. S 
to northern South America, Antilles. : 
(J) batatas (Linnaeus), “1758 
Mastitarsala III with few basal barbs; western 
U.S. (J) belkini Gould, 1950 
Mastitarsala III nude... 4 
Dorsal setae 24 to 28; eastern UL S. (Canada to 
Texas) (J) splendens Ewing, 1913 
Dorsal setae 22 : 5 
Palpal ventrotibial seta nude; Florida, Cali- 
fornia, Antilles, Central America, northern 
South America. .. 
(J) alfreddugesi tropica Ewing, 1925 
Palpal ventrotibial seta branched... 6 
Tarsala I 13 to 20 microns long, palpal genual 
seta 18 to 21 microns long; southern Canada 
to Argentina, Antilles. 
(J) alfreddugesi alfreddugesi Oudemans, 1910 
Tarsala | 23 to 33 microns long, palpi genual 
seta 24 to 33 microns long; southeastern and 
midwestern U.S. 
(J) lipovskyana Wolfenbarger, 1952 


Type species: 


Genus Trombicula 
Subgenus Leptoirombidium Nagayo et al., 1916 
Trombidium akamushi Brumpt, 1910 


Palpal dorsotibial seta branched, palpal formula 
N/N/BNN/; on bats and rodents; Canada, 
U.S., Korea... (J) myotis Ewing, 1929a 

Palpal dorsotibial seta nude, palpal formula 
N/N/NNN.... 2 





Brennan and Jones: 


Dorsal setae about 30 F 
Dorsal setae more than 50. 4 
Tarsala I >tarsala II; palpal genual, laterotibial 
and ventrotibial setae occasionally forked; 
on rodents; San Luis Potosi and Sonora, 
Mexico; Utah.....(J) potosina Hoffmann, 1950 
Tarsala I=tarsala II; on rodents; Sonora, 
Mexico: Panama. .(J) panamensis Ewing, 1925 
Tarsala I<tarsala II, each less than 20 microns, 
AM anterior to AL, AM>PL; on bats; San 
Luis Potosi, Mexico; California.... 
(G) mexicana (Ewing), “1937 
Tarsala I>tarsala II, each more than 20 mi- 
crons, AM slightly posterior to AL, AM = 
PL; on bats; Kansas. .(G) twentei Loomis, 1954 


Genus Trombicula 
Subgenus Miyatrombicula Sasa et al., 1952 
Type species: Miyatrombicula kochiensis Sasa et al., 1952 
1. Mastitarsala III present, galeal seta branched or 
nude... Mice Pot: = Pees 2 
Mastitarsala III absent, galeal seta nude; 
California. . sees (O) scottae Brennan, 1952 
Genuala III present, dorsal setae 40 or more, 
galeal seta branched 3 
Giuasie III absent, dorsal setae not more than 30, 
galeal seta nude or forked; midwestern U. S., 
New York, California (O) cynos Ewing, 1937 
Coxa III with 2 setae; Utah....... 
(O) sargenti Brenn: in, 1952 
Coxa III with more than 2 setae... 
Coxa III with 3 setae, SB anterior to PL, 
setae 40 or more; midwestern U. S... 
(O) jonesae Brennan, 1952 
Coxa III with 5 to 7 setae, SB posterior to PL, dorsal 
setae 60 or more; Japan, Ontario, Michigan, 
Montana. .(O) esoensis Sasa and Ogata, 1953 


dorsal 


Genus Trombicula 
Subgenus Neotrombicula Hirst, 1915 
Type species: Acarus autumnalis Shaw, 
One mastitarsala III. 
More than one mastitarsala III... 
Three genualae I, galeal seta nude; Colorado, 

Nebraska, Europe. . ; 
(S) autumnalis (Sh: iw), 1790 
Two genualae I, galeal seta branched . eae 
With 22 dorsal setae, palpal laterotibial seta 

usually nude, posterior angle of scutum sub- 
acute; California...(O) brennani Gould, 1956 
With 45 to 50 dorsal setae, palpal laterotibial 
seta branched, posterior angle of scutum 
acute; California... 
(O) pseudoautumnalis Gould, 1956 
Two mastitarsalae III 5 
Three mastitarsalae III....... 21 
One genuala I ) 
More than one genuala 5. 
Mastifemorala III present; 
Arkansas 
(O) richmondi Brennan and Wharton, 1950 
Mastifemorala III absent, North Carolina. 

(S) carterae Brennan and Wharton, 1950 
Galeal seta nude pete ee 8 
Galeal seta branched . 15 
Three genualae I, two mastitibiale III, palpal 

dorsotibial seta nude; midwestern U. S 
(S) sylvilagi Brennan and Wharton, 1950 
Two genualae I, one mastitibiala III, palpal 
dorsotibial seta branched... 9 
Mastifemorala III present... .. . 10 
Mastifemorala III ‘absent; Pennsylvania, 
Michigan 
(O) waynesis Brennan and Wh: irton, 1950 
Sensillae nude; western U. S 
(O) Sihcaiiaa Ewing, 1942 


1790 


6 
7 


Pennsylvania, 


Type species: 


o. 


( 3.) 
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Sensillae branched 
Palpal femoral and genual seta nude; northern 
and mountainous U.S.... 
(O) harperi Ewing, 1928 
Palpal femoral and genual seta branched 12 
Dorsal setae about 70, usually more than 10 
in first posthumeral row, palpal laterotibial 
seta nude; Alaska, British Columbia, 
Washington, Manchuria, Maritime Terri- 
tory (USSR).(O) pomeranzevi Shluger, 1948 
Dorsal setae usually less than 40, less than 10 
in first posthumeral row, palpal laterctibial 
seta branched... 13 
Two pairs of humeral setae; Ohio, Illinois 
(O) goodpasteri Brennan and Wharton, 1950 
One pair of humeral setae 14 
Scutal puncta large, few, posterior margin of 
scutum more angulate than rounded; south- 
eastern and midwestern U. S 
(O) whartoni Ewing, 1929a 
Scutal puncta small, numerous, posterior mar- 
gin of scutum more rounded than angulate; 
midwestern U.S 
(S) re Brennan and Wharton, 1950 
Three genualae I; California 
(O) dinehartae Brennan and Wharton, 
Two genualae I 3 
Sensillae nude; western Canada and U. G., 
cave in Kentucky. .(S) cavicola Ewing, 1931 
Sensillae branched. . 17 
Palpal femoral and genual seta nude 18 
Palpal femoral and genual seta branched 19 
Sensillae branched on distal two-thirds; Man- 
churia, Japan, Alaska, Canada, northern 
and mountain regions of U. S. 
(O) microti Ewing, 
Sensillae with basal barbs only; Wyoming 
(O) browni Brennan and Wharton, 1950 
Palpal laterotibial seta nude; Colorado 
(S) finleyi Kardos, 1954 
Palpal laterotibial seta branched 20 
Sensillae with minute basal barbs and few 
apical branches; Colorado, Nebraska 
(S) loomisi Kardos, 1954 
barbs only; California, 


1950 
16 


1928 


Sensillae with basal 
Oregon 
(S) jewetti Brennan and Wharton, 1950 
Mastifemorala III present, galeal seta 
branched; Montana 
(S) varians Brennan and Wharton, 1950 
Mastifemorala III absent, galeal seta nude. . 22 
Palpal femoral seta nude; Montana 
(O) eusignata Brennan and Wharton, 1950 
Palpal femoral seta branched 23 
Palpal genual seta nude; northern U. S., New 
York to California 
(O) subsignata Brennan and Wharton, 1950 
Palpal genual seta branched; northeastern 
U.S (O) bisignata Ewing, 1929a 


Genus Euschongastia Ewing, 1935 
(Euschéngastia americana Ewing, 1938) 
= Schéngastia sciuricola Ewing, 1925 
Tibiala III present 
Tibiala III absent x 
A mastitarsala III; Mexico, Guatemala 
(B) nufiezi (Hoffmann), 1944 
No mastitarsala III 3 
One genuala I, subterminala absent 1 
More than one genuala [, subterminala 
present or absent... 5 
Genuala II and III present, sternal setae 2-4; 
Colorado (G) finleyi Crossley, 1955 
Genuala II and III absent, sternal setae 2-2; 
western U.S (G) lacerta Brennan, 1948 
Palpal claw trifurcate 6 
Palpal claw 5-pronged 17 
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Two genualae | 7 
Three genualae I; Kansas, Oklahoma 
(J) loomisi Crossley and Lipovsky, 1954 
Genuala II and III present. . S 
Genuala II and III absent... 16 
Two pairs of humeral setae; California 
(G) furmani Gould, 1956 
One pair of humeral setae. . i) 
Subterminala and parasubterminala present. . 10 
Subterminala and parasubterminala absent; 
California (N) hoffmannae Gould, 1956 
Scutum impunctate, sternal setae 2-6; Kan- 
sas, Nebraska 
(H) cynomyicola Crossley and Lipovsky, 1954 
Scutum punctate, sternal setae 2—2 or 2-4 11 
Sternals 2—4, sensillae cordate, western U. S 
(A) cordiremus Brennan, 1°48 
Sternals 2-2, sensillae capitate 12 
Scutum with 2 crescentic folds, one in front of 
each sensillary base; United States and 
British Columbia. 
(A) peromysci (Ewing), 1929a 
Scutum with 3 joined crescentic folds, the 
middle one extending around the antero- 
median seta . aoe 
Anterior and posterior dorsal setae of similar 
form, palpal laterotibial seta barbed 14 
Anterior and posterior dorsal setae of dis- 
similar form, palpal laterotibial seta nude. 1 
Number of dorsal setae of holotype 75, scutum 
smaller; North Carolina 
(A) rubra Farrell, 1956 
Number of dorsal setae of holotype 95, 
scutum larger; Pennsylvania. 
(A) magna Farrell, 1956 
Palpal claw shorter, the prongs arising from 
proximal half; eastern and midwestern U. S. 
(A) diversa diversa Farrell, 1956 
Palpal claw longer, the prongs arising from 
distal half; Pennsylvania 
(A) diversa acuta Farrell, 1956 
Subterminala and parasubterminala present; 
Utah. .(G) utahersis Brennan and Beck, 1956 
Subterminala and parasubterminala absent; 
Texas (G) bigenuala Farrell, 1956 
Two genualae I, a genuala III 18 
Three genualae I, no genuala III; Oklahoma 
(B) trigenuala Farrell, 1956 
Palpal genual seta nude; California 
(B) citellicola Gould, 1956 
Palpal genual seta branched 19 
One pair of eyes, galeal seta nude; eastern and 
midwestern U. S., on bats 
(B) pipistrelli Brennan, 1947 
Two pairs of eyes, galeal seta branched or 
forked 20 
Palpal laterotibiai seta branched; western 
U.S. and Alberia 
(B) oregonensis (Ewing), 1929 
Palpal laterotibial seta nude 21 
Sensillae narrow lanceolate; California; on 
shrews.... (B) soricinus Gould, 1956 
Sensillae broad ovate with acuminate tip; 
midwestern U.S 
(B) jonesi Lipovsky and Loomis, 1954 
ne genuala | 23 
Two genualae | 25 
Scutum punctate, palpal claw trifurcate 24 
Scutum impunctate, palpal claw 5-pronged; 
California (B) puerilis Gould, 1956 
Sensillae capitate, AL>PL, posterior margin 
of scutum not sinuous; California, Nevada 
(J) decipiens Gould, 1956 
Sensillae pyriform, AL<PL, posterior margin 
of scutum sinuous; Utah 
(B) lanei Brennan and Beck, 1956 
Genuala III present. 26 
Genuala III absent 47 


Coxa III with 2 setae; Colorado. 
(N) guntheri (Radford), “1942 
Coxa III with 1 seta.. .. ok 
Subterminala and parasubterminala absent. .28 
Subterminala and parasubterminala present .30 
Palpal claw trifurcate, two pairs of eyes... ..29 
Palpal claw 5-pronged, one pair of eyes; 
California .(L) enemi Brennan and Jones, 1954 
Posterior dorsal setae foliate, scutum im- 
punctate, AL<PL, palpal laterotibial seta 
branched; California 
(N) micheneri Gould, 1956 
Posterior dorsal setae not foliate, scutum 
punctate, AL=PL, — laterotibial seta 
nude; Utah.... 
(B) fasolla Brennan and Bec k, 1956 
Palpal claw trifurcate. 31 
Palpal claw 4-7—pronged . 39 
Palpal genual seta nude; California. 
(J) terrestris Gould, 1956 
Palpal genual seta branched. . 32 
Two pairs uf humeral setae; Utah.... 
(B) rotunda Brennan and Beck, 1956 
One pair of humeral! setae 33 
Dorsal setae flattened. 34 
Dorsal setae of usual form 35 
Scutum punctate, dorsal setae foliate, palpal 
laterotibial seta nude; California... . 
(N) frondifera Gould, 1956 
Scutum impunctate, dorsal setae of two forms, 
the majority narrow lanceolate, palpal 
laterotibial seta branched; Utah..... 

(B) lanceolata Brennan and Bec ‘k, 1956 
Sensillae capitate, AL =or>PL 36 
Sensillae not capitate, AL<PL 37 
Scutum roughly trapezoidal, SB level with 

PL; western U. S 
(J) radfordi Brennan and Jones, 1954 
Scutum not trapezoidal, SB. far posterior to 
PL; California..(A) californica (Ewing), 1925 
Scutum punctate. ie ee 
Scutum impunctate; western U. S. and 
Canada........(B) criceticola Brennan, 1948 
Palpal laterotibial seta nude, sensillae broad 
lanceolate; Pennsylvania.... 
(B) marmotae Farrell, “1956 
Palpal laterotibial seta branched, sensillae 
pyriform; Utah. 
(B) obesa Brennan and Beck , 1956 
AL>PL 40 
AL<PL : 41 
Sensillae capitate, SB at level of PL; western 
U.S...(J) radfordi Brennan and Jones, 1954 
Sensillae broad ovate, SB anterior to PL; 
eastern U. S.; on bats 
(B) hamiltoni Brennan, (1947 
Scutum punctate. .42 
Scutum impunctate. .. 43 
Tarsala of palpal tarsus very long, galeal seta 
thick and curved, sensillae broader; Penn- 
sylvania (B) crateris Farrell, 1956 
Tarsala of palpal tarsus normal, galeal seta of 
usual form, sensillae narrower; eastern 
U.S : (B) blarinae (Ewing), 1931 
Sensillae elongate fusiform; Aiberta 
(H) campi Brown and ee 1952 
Sensillae otherwise : | 
Sensillae ovate, posterior dorsal setae foliate. .45 
Sensillae cordate or nearly so, all dorsal setae 
of usual form ; 46 
Dorsal setae of 3 posterior rows foliate; North 
Carolina (B) carolinensis F: irrell, 1956 
Dorsal setae of posterior row foliate, more 
dorsal setae; Ohio, Pennsylvania, New 
Jersey (B) ohioensis Farrell, 1956 
Cheliceral bases with few puncta; eastern U. S. 
(L) setosa (Ewing), 1937 
Cheliceral bases impunctate; western U.S... 
(L) sciuricola (Ewing), 1925 





1959] Brennan and Jones: 


47. (25.) Palpal claw trifurcate. 48 
Palpal claw 5-pronged; California. . . . 
(L) pomerantzi Brennan and Jones, 1954 
48. Genuala II present . . 49 
Genuala IT absent; western U. . 
(L) Sadia Brennan, 1948 
Dorsal setae foliate, palpal laterotibial seta 
branched; California... . 
(J) romola Brennan and Jones, 1954 
Dorsal setae plumose, becoming wider pos- 
teriorly, palpal laterotibial seta nude; 
California. .(N) nihi Brennan and Jones, 1954 


Genus Euschongastia 
Subgenus Ascoschéngastia Ewing, 1946 
Type species: Neoschéngastia malayensis Gater, 1932 
Sternal setae 2-2, coxa III with 1 seta, scutum small; 
rodents and insectivores; Mexico, D. F... 
(P) pedregalensis Hoffmann, 195la 
Sternal setal formula variable, coxa III setal for- 
mula variable, scutum larger; rodents and in- 
sectivores; Mexico, D. F.... 
(P) anomala Hoffmann, 195la 
Genus Neoschongastia Ewing, 1929 
Type species: Schéngastia americana Hirst, 1921 
Three genualae I; U. S., Mexico, Guatemala 
Jamaica. (C) americana (Hirst), 1921 
Two genualae ] 2 
Coxa III with 3 to 4 setae; midwestern U. S.. French 
Equatorial Africa. . 
(C) brennani Crossley and Loomis, 1955 
Coxa III with 1 seta... 3 
Three pairs of sternal setae, galeal seta nude; 
Montana, Japan (C) paenitens Brennan, 1952a 
(=kohlsi Brennan, 1951, preocc.) 
Two pairs of sternal setae, galeal seta branched; 
Montana, California; on deer only 
(C) fullbergae Brennan, 1948 


Genus Pseudoschongastia Lipovsky, 1951 
Type species: Pseudoschéngastia hungerfordi 
Lipovsky, 1951 
Three genualae I, AL much longer than AM; 
western U. S. and Texas 
(P) hungerfordi Lipovsky, 1951 
Two genualae I, AL not longer than AM 2 
Sternal setae 2-4; California 
(P) occidentalis Brennan, 1952a 
Sternal setae 2-2. . 3 
Galeal seta nude, palpal genual seta nude; mid- 
western US (P) farneri Lipovsky, 1951 
Galeal seta branched, palpal genual seta branched; 
Chiapas, Mexico (Q) diazi (Hoffmann), 1948 


mid- 


Genus Cheladonta Lipovsky, Crossley, 
and Loomis, 1955 


Cheladonta micheneri Lipovsky, 


Type species: 
1955 


Crossley, and Loomis, 

Galeal seta branched; Arkansas 
(H) ouachitensis Lipovsky et al., 

Galeal seta nude 

Palpal femoral and genual setae branched; Utah 
(H) crossi Lipovsky et al., 1955 

Palpal femoral and genual setae nude; Kansas, 
Nebraska (H) michneri Lipovsky et al., 1955 


1955 
9 
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THE NEARCTIC SPECIES OF THE FILTH FLY GENUS MEONEURA 
(DIPTERA, MILICHIIDAE)' 


CURTIS W. SABROSKY 
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U.S. Department of Agriculture 


ABSTRACT 


In this taxonomic study the species of Meoneura 
known from North America are increased from 3 to a 
total of 12. A key to these is given, and each is described 
and its male terminalia figured. M. pteropleuralis and 
M. digitata (Nebraska), M. polita (Texas to California and 


The genus Meoneura Rondani is composed of 
small (1-2 mm.) black flies often associated with 
carrion or excrement or reared from birds’ nests. 
It is presently known in the Palaearctic Region 
from nearly two dozen species, although as late 
as 1905 only one species was included in the 
genus (Becker, in Katalog Palaeark. Dipt., vol. 
4, p. 239). From the relatively limited material 
before me, it appears possible that knowledge of 
the Nearctic fauna of Meoneura may well repeat 
the history of the Palaearctic. Only three 
species have thus far been recorded from the 
Nearctic Region, although two of those were 
misidentified. This paper records 5 species for 
the first. time, describes 5 new species, and 


presents a key to the 12 Nearctic species now 


recognized. Single examples of several other 
possibly new species are available, but are not 
described at this time. 

The habitus of most species is similar, and the 
distinctions are often those of the male 
terminalia. For modern attention to the long 
overlooked but strikingly differentiated male 
terminalia of Meoneura, we are indebted to J. E. 
Collin (1930, Ent. Monthly Mag. 66: 82-89), 
who recognized and figured the terminalia of 11 
species, 7 of them new, in his revision of the 
British species. The latest key, which includes 
18 Palaearctic species, is by Hennig (1937, in 
Lindner, Fliegen Palaeark. Region, vol. 6 (part 1), 
Fam. 60a, pp. 60-61). One species from Algeria 
was described by Hennig in that work but not 
included in his key. Since then, two other 
species from England and one from the Libyan 
Desert have been described by Collin (1937, 
Ent. Monthly Mag. 73: 250-2; 1949, Bull. Soc. 
Fouad Ier Ent. 33: 224), and one from Austria 
by Hennig (1948, Ztschr. Wien. Ent. Gesell, 
33: 138). 

In the Nearctic fauna the genus Meoneura was 
apparently first mentioned by Melander (Sept. 
1913, Jour. New York Ent. Soc. 21: 238, 246) and 
independently by Malloch (Dec. 1913, Proc. U.S. 
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Washington), M. forcipata (British Columbia), and M. 
wirthi (California and Washington) are new species; M. 
obscurella (Fallén) (=Agromyza tritici Fitch), new 
synonymy. 


Nat. Mus. 46: 131, 142-4), in their revisions of 
Agromyzidae sens. lat. Earlier, in 1900, Coquillett 
had recorded a specimen from Alaska as A gromyza 
lacteipennis Fallén, a species later referred to 
Meoneura (cf. under flavifacies). Melander recog- 
nized only one species, identified as the Palaearctic 
M. vagans (Fallén), with lacteipennis in synonymy. 
Malloch regarded the two as distinct species, with 
both represented in North American material. 
Subsequently, in 1915, Matloch described a new 
Nearctic species from Illinois, M. nigrifrons. 

Since then Nearctic specimens have generally 
been recorded as either vagans or lacteipennis, but 
the fauna has not been reviewed since the work 
of Collin clearly indicated that a reexamination 
was needed. Published records cannot be ac- 
cepted without rechecking. Thus far I have not 
seen lacteipennis, sens. strict., in North American 
material, although it may yet be found. Any 
forms not agreeing with the species recorded in 
this paper should in any case be compared care- 
fully with the described Palaearctic species. 

Meoneura, with Carnus and Hemeromyia, has 
occasionally been placed in a separate family, the 
Carnidae, one of the principal differences being 
the convergent postverticals in Milichiidae con- 
trasted with the parallel (or slightly diverging) 
postverticals in Carnidae (cf. Brues, Melander, 
and Carpenter, 1954, Classif. of Insects, ed. 2, 
p. 384). I have not regarded the Carnidae as a 
separate family, and the study of Nearctic 
Meoneura bears out that conclusion. Of the 12 
species considered in this paper, 2 have cruciate 
postverticals, the others slightly diverging, but 
from the sum total of habitus, chaetotaxy, mouth- 
parts, structure of the head, and wing venation, 
it is inconceivable that these species represent 
different families, or even different genera. The 
genus Meoneura is easily recognized by the small 
discal cell with crossveins approximated, and the 
costa extending only to the third vein. 

The genus is holarctic in recorded distribution, 
but one specimen before me is from Piura, Peru, 
June 25 (C. H. T. Townsend). It has the meso- 
notum and scutellum both polished black, and 





Is Annals Entomological Society of America 


the halteres yellow, resembling M. polita, but 
unfortunately it is a female and further com- 
parison cannot be made. 


Meoneura Rondani 
Rondani, 1856, Dipt. Ital. Prodromus, vol. 1, p. 128. 

Type-species, Agromyza obscurella Fallén, by original 

designation and monotypy. 

Small black flies, generally 1-2 mm. long. 
Front broad and short in both sexes, slightly 
broader in female than in male, shining, the frontal 
triangle usually only weakly distinguished; lunule 
concealed; facial carina thin but prominent, divid- 
ing the deep antennal foveae; head in profile much 
higher behind than in front, the cheek likewise 
broader behind, with several strong bristles 
along a ridge that extends diagonally from pos- 
teroventral angle of eye to vibrissal angle; 
proboscis short, the haustellum short and thick, 
and labella small; bristles of head generally long 
and strong, including the proclinate and divergent 
ocellars, inner and outer verticals, and four 
orbitals on each side, the two lower orbitals 
mesoclinate, the two upper lateroclinate; post- 
verticals short and weak, usually slightly diverg- 
ing, cruciate in two species. 

Thorax usually subshining and finely dark polli- 
nose but occasionally the mesonotum, or both 
mesonotum and scutellum, polished and non-polli- 
nose; chaetotaxy: 1 humeral, 1+1 notopleural, 
1 presutural, 1 posterior intraalar, 2 postalar, | to 
4 dorsocentral, 1 prescutellar acrostical, 1 sterno- 
pleural, and 1+1 scutellar pairs of bristles; meso- 
pleuron with both hairs and bristles; pteropleuron 
usually bare, but with one strong bristle in one 
species. 

Venation uniform throughout the genus, essenti- 
ally as figured by Curran (1934, Fam. Gen. N. 
Amer. Dipt., p. 335, fig. 6), the costa ending at 
third vein, and crossveins approximated, but the 
wing longer and narrower, and all veins less 
curved, than in the figure; costa beyond first 
vein with the usual short, regular setae except in 
the new species digilata and pleropleuralis. 

Both Hennig and Collin use the number of 
dorsocentral bristles as the initial division in 
their keys. In many species, however, this 
character may be misinterpreted and thus might 
lead to erroneous conclusions. In most of the 
Nearctic species, only the posterior dorsocentral 
is strong and the anterior bristles are short, some- 
times little longer and stronger than the mesonotal 
hairs, and easily overlooked. There may also be 
different degrees of development between the 
sexes, and between large and small specimens. 
Because of the possibility of misinterpretation, I 
have not emphasized the character in my key. 
Of the species included here, seducta and obscurella 
have all three pairs of dorsocentrals distinctly 
long and strong, and vagans, digitata and plero- 
pleuralis clearly have only one strong pair, the 
mesonotal hairs being short and appressed and 
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not confusing the picture. The remaining species 
are intermediate, with the anterior dorsocentrals 
weakly developed, more or less concealed among 
the erect and comparatively long mesonotai hairs. 

For convenience to North American workers, 
the older species here recorded have been rede- 
scribed and the male terminalia figured, based on 
Nearctic material. The aedeagus has not been 
drawn, however, because different degrees of 
distension make it difficult to determine the nor- 
mal appearance. All figure numbers correspond 
to the numbers of the respective species. 


KEY TO THE NEARCTIC SPECIES 
OF MEONEURA 
Postvertical bristles cruciate; costa beyond first 
vein with regularly spaced, erect, short bristles 
similar to those in Heleomyzidae; haustellum 
bulbous, much larger than the labella; one pair 
of dorsocentral bristles; knob of halter yellow or 
whitish yellow. 2 
Postverticals subparallel to slightly divergent; 
costa beyond first vein with only the usual short, 
regular setae; three pairs of dorsocentrals, but 
the anterior two pairs often short, little longer 
and stronger than the mesonotal hairs; proboscis 
small, not conspicuous, haustellum usually not 
broader than the rostrum; knob of halter yellow 
or black 3 
Strong pteropleural bristle present; male terminalia 
as in fig. 1, the forceps appearing as a single 
tooth ...1. pteropleuralis, new species 
Pteropleuron bare; male terminalia as in fig. 2, the 
appendages of ninth tergum appearing in profile 
as a ‘‘thumb and forefinger’ 
2. digitata, new species 
conspicuously yellow or whitish 


9 


Halter knob 
yellow 
Halter knob brown to black 
Mesonotum highly polished, not pollinose 
Mesonotum pollinose, though often thinly so and 
hence subshining 6 
Scutellum polished 3. polita, new species 
Scutellum pollinose [cf. discussion under polita]} 
M. sp. 
Fore femur posteroventrally with one strong bristle 
on distal third; vibrissal angle with the three 
bristles about equally long and strong; male 
terminalia on each side with a tuft of long curling 
hair (figs. 4, 5) 7 
Fore femur posteroventrally with a row of two to 
four strong bristles; middle bristle of the three 
on vibrissal angle usually more or less reduced, 
obviously smaller than the others and sometimes 
short and hairlike; male terminalia not as above 
Mesonotum bright gray pollinose; male terminalia 
as in fig. 4, the forceps broad at base and tapering 
to apex 4. obscurella (Fallén) 
Mesonotum dark gray or brownish-gray pollinose, 
with distinctly darker habitus; male terminalia 
as in fig. 5, the forceps slender, slightly spatulate 
5. seducta Collin 
One pair of dorsocentral bristles; male terminalia 
as in fig. 6, the anal lamellae conspicuous, pro- 
jecting and bearing long bristles 
6. vagans (Falién) 
Three pairs of dorsocentral bristles, but the anterior 
two pairs short and only weakly distinguished; 
male terminalia not as in fig. 6, the anal lamellae 
not developed 9 
Thorax densely and bright gray pollinose; frontal 
triangle short, about half the length of front; 
anterior half of front bright yellow; male 





1959] Sabrosky: 
terminalia large, as figured (fig. 7), with broad 
lamellae bearing numerous long black hairs. . 
7. lamellata Collin 
Thorax dark gray to dark brownish gray pollinose, 
the mesenotum more shining than in /amellata; 
frontal triangle usually longer; male terminalia 
usually small, lamella neither strongly developed 
nor long-haired, except in forcipata. . 10 
Frontal triangle dull to subshining, chiefly pollinose 
or finely shagreened; male terminalia as in fig. 8, 
the usual forceps undeveloped but the lamella 
greatly extended 8. forcipata, new species 
Frontal triangle highly shining, often more or less 
polished; male terminalia small, relatively in- 
conspicuous, the lamella not strongly developed. 11 
Frontal triangle long, three-fourths to four-fifths 
as long as broad at base, the triangle smooth and 
polished, sharply contrasting with rest of front; 
male terminalia as in fig. 9, the forceps sub- 
triangular, broad at base and tapering to a 
narrow apex, lamella undeveloped 
9. triangularis Collin 
Frontal triangle relatively short and broad, only 
two-thirds as long as broad at base, highly 
shining but not appearing as smoothly polished; 
male terminalia as in fig. 10, with short, short- 
haired lamella 10. flavifacies Collin 
Mesonotum subshining, thickly dark gray pol 
linose; wing light brown; male terminalia as in 
fig. 11 ..11. wirthi, new species 
Mesonotum glossy black, not pollinose except 
above neck and at extreme sides, the scutellum 
pollinose; wing whitish; male terminalia as in 
fig. 12.. 12. nigrifrons Malloch 


|. Meoneura pteropleuralis, new species 

Predominantly black species with whitish- 
yellow halteres, one pair of dorsocentral bristles, 
cruciate postvertical bristles, and a strong ptero- 
pleural bristle. 

Male.—Predominantly black; front outside the 
frontal triangle and orbits dark reddish to pitch 
black, the face and anterodorsal portion of cheek 
concolorous; lunule and upper part of facial keel 
yellow; second antennal segment, ventral half of 
third segment, knees, fore tibia largely, narrow 
ends of mid and hind tibiae, and all tarsi except 
distal segment yellow; halter knob whitish-yellow; 
wing whitish. 

Front shining, the frontal triangle slightly more 
polished than the rest but only weakly differen- 
tiated, slightly over half the length of front; 
ocellar tubercle pollinose; eye oval, long axis 
nearly horizontal; cheek very broad, at the back 
one-half and at front slightly over one-third the 
height of head, at the back broader than height 
of eye; middle bristle of the three on vibrissal 
angle reduced, much smaller than the others; 
proboscis conspicuously enlarged, bulbous, the 
haustellum broad and thick, its breadth at base 
equal to anterior height of cheek; chaetotaxy 
normal for the genus, the bristles long and 
strong, but postverticals small and cruciate; 
anterior pair of interfrontals moderately strong. 

Thorax subshining, finely dark gray pollinose; 
only one pair of dorsocentral bristles, the meso- 
notal hairs short and appressed, with no suggestion 
of anterior dorsocentrals; prescutellar acrosticals 


Nearctic Species of Meoneura 


freta Collin 
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longer than usual, only a little shorter than the 
posterior dorsocentrals; pteropleuron with a 
strong, upwardly directed bristle in anteroventral 
third. 

Abdomen shining; segments 3 to 5 ventrally 
with only a few bristles set in small isolated 
sclerotized areas in the pleural membranes; ninth 
tergum of moderate size, with a row of long, 
curved bristles; terminalia (fig. 1) relatively 
simple, the forceps short and thick, tapering 
from base to apex, and slightly curved; lamella 
undeveloped; aedeagus long and slender. 

Legs shorter and thicker than in most species, 
the tarsi subequal to length of tibiae, basitarsi 
short, the hind basitarsus one-third the length of 
hind tibia; fore tibia with a row of five well-spaced 
posteroventral bristles, the two bristles on distal 
third longer and stronger than the others. Costal 
vein with two rows of strongly developed bristles 
alternating with the short, regular setae, as in 
Heleomyzidae, the anteroventral bristles longer, 
each at least twice the diameter of costa, the 
anterodorsal bristles more numerous and shorter 
but still conspicuous. 

Female.—As described for the male, except for 
terminalia and the following characters: Meso- 
notum and disk of scutellum shining, apparently 
not pollinose; abdominal segments 3 to 5 with 
more numerous bristles set on isolated sclerotized 
areas in the pleural membranes. 

Length of body, 2—2.5 mm.; of wing, 1.5-2 mm. 

Holotype male, allotype, and 12 paratypes (5 
males, 7 females), Halsey, Nebr., various dates, 
June 10—Aug. 19, 1957 (holotype July 17-24) (R. 
Henzlik), in the U. S. National Museum, Type 
No. 64244. 

This species and the following (M. digitata) are 
distinguished from other Nearctic species of 
Meoneura known to me by having the post- 
verticals cruciate and the costa with short 
bristles interspersed with the usual regular setae. 
M. pleropleuralis is unique in the genus, as far 
as I know, in having a strong pteropleural 
bristle, an unusual character in the acalypterate 
Diptera. These three characters are undescribed 
for any Palaearctic species, and it is hardly con- 
ceivable that all would have been missed. The 
male terminalia resemble those figured for M. 
(1937, Ent. Monthly Mag. 73: 
251-2), but the forceps in freta are figured as 
being broad up to a blunt apex. 

The type series of both pteropleuralis and 
digitata were taken by Mr. R. Henzlik during an 
ecological study in the sand hills of north-central 
Nebraska. I am indebted to the collector for the 
excellent material. 

2. Meoneura digitata, new species 

Predominantly black species with whitish- 
yellow halteres, one pair of dorsocentral bristles, 
cruciate postverticals, and bare pteropleuron. 

Male.—Predominantly black; front and anterior 
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half of frontal triangle dark reddish to pitch black; 
fore and middle legs with knees and apices of 
tibiae narrowly yellow; tarsi of all legs yellow, 
darkening distally; wing whitish; halter knob 
white to yellowish white. 

Front shining, the frontal triangle likewise and 
only weakly differentiated, three-fourths the length 
of front; ocellar tubercle gray pollinose; eye oval, 
long axis horizontal to front; cheek very broad, 
at the back one-half and at front slightly over 
one-third the height of head, the height at back 
subequal to height of eye; middle bristle of the 
three on the vibrissal angle reduced, much 
smaller than the others; proboscis enlarged, the 
haustellum bulbous, its breadth at base greater 
than the anterior height of cheek; head bristles 
strong, but postverticals small and cruciate. 

Thorax subshining, thinly dark gray pollinose; 
only one pair of dorsocentral bristles, the meso- 
notal hairs short and appressed, no trace of 
anterior dorsocentrals; prescutellar acrosticals 
only moderately developed; pteropleuron bare. 

Abdomen shining; fifth tergum with a row of 
long marginal bristles; segments 3 to 5 ventrally 
with numerous bristles set on small, isolated 
sclerotized areas in the pleural membranes; ninth 
tergum moderately large, with a row of long, 
erect bristles and a number of long hairs; ter- 
minalia as figured (fig. 2), the forceps curved, 
tapering from base to apex and, with the short, 
rounded lamella, forming a “thumb and fore- 
finger’’ arrangement; aedeagus very slender, 
curved. 

Legs short, basitarsi short; fore femur with 
three long: bristles on distal two-fifths of postero- 
ventral surface.- Costal vein with some erect 
bristles in the anteroventral row of setae, stronger 
but only a little longer than the regular short setae. 

Female.—As described for male, except for 
terminalia and decidedly larger proboscis, the 
width across base of haustellum 1.33 times the 
greatest height of cheek; costa with more 
prominent bristles in both anteroventral and 
anterodorsal rows. 

Length of body, 1.75-2.25 
1.5-2 mm. 

Holotype male, allotype, and 14 paratypes (2 
males, 12 females), Halsey, Nebr., various dates, 
June 17—July 15, 1957 (holotype undated) (R. 
Henzlik), in the U. S. National Museum, Type 
No. 64245, by courtesy of the collector. 

This species shares with M. pteropleuralis the 
characters of cruciate postvertical bristles and 
short-bristled costa. Unlike pleropleuralis, it has 
no pteropleural bristle, and the male terminalia 
are also distinct from that species. It is very 
close to M. exigua Collin (1930), described from 
France. The male terminalia are similar, but 
differ in the shape of the forceps, which are 
figured for exigua as broadly and bluntly rounded, 
whereas they are tapering to an acute apex in 
digitata. The wings are said to be “not whitish”’ 


mm.; of wing, 
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in exigua. Moreover, there is no mention for 
exigua of cruciate postvertical bristles or of the 
stronger bristles among the costal setae, both 
unusual characters in the genus and both found 
in digitata and the related Nearctic species 
pleropleuralis. 

3. Meoneura polita, new species 

Highly polished black, with yellow halter knob 
and whitish wing. 

Male.—Predominantly black; anterior half of 
front, the face, and cheek reddish to reddish- 
brown; knob of halter bright yellow; wing whitish. 

Front highly shining, the frontal triangle poorly 
distinguished, three-fourths as long as front; long 
axis of eye diagonal; cheek shining, its height at 
back 0.38 and at front 0.24 times the greatest 
height of head, at middle 0.45 times the height 
of an eye; middle bristle of the three on vibrissal 
angle varying from weak to fairly well developed; 
chaetotaxy of head as usual, but bristles more 
slender and less conspicuous; postvertical bristles 
slightly divergent. 

Mesonotum only sparsely covered with hairs, 
and these much longer than usual, suberect, four 
rows between the dorsocentral lines on anterior 
half of mesonotum, narrowing posteriorly to only 
two rows; posterior pair of dorsocentrals well- 
developed, the anterior bristles not distinct from 
the long mesonotal hairs; pteropleuron bare. 

Abdomen polished; terga 2 through 4 ap- 
parently bare of hairs; terminalia (fig. 3) small 
and inconspicuous, with a few long hairs. Legs 
short, the basitarsi moderately short; fore femur 
with a row of several strong bristles on postero- 
ventral surface. Costa beyond first vein with 
the usual short, regular setae. 

Female.—As described for male except for 
terminalia and as follows: Front slightly wider; 
dorsocentral bristles longer, the anterior two 
pairs of bristles distinct; wing not conspicuously 
whitish. 

Length of body, 1.5 mm.; of wing, 1.25 mm. 

Holotype male, Fort Stockton, Texas, April- 
May 1954, light trap (O. Schomberg). Type No. 
64246 in the U.S. National Museum. Paratypes: 
2 males, Yuma, Ariz., June 26, 1917 (J. M. 
Aldrich); male, Jolon, Monterey Co., Calif., Aug. 
13, 1952, on Erigonum (H. A. Scullen); 2 females, 
Spreckles, Calif., Aug. 20, 1904 (E. S. G. Titus); 
2 females, Coachella, Calif., Dec. 18, 1929 and 


EXPLANATION OF PLATE I 

Male terminalia of Meoneura, in side view: Fic. 1, 
pteropleuralis (paratype); FiG. 2, digitata (paratype); 
Fic. 3, polita (holotype); Fic. 4, obscurella (no. 14270, 
“from Fitch's Collection’’); Fic. 5, seducta (Pullman, 
Wash.); Fic. 6, vagans (Isle Royale, Mich.); Fic. 7, 
lamellata (Big Delta, Alaska); FG. 8, forcipata (holotype) ; 
Fic. 9, triangularis (Crater Lake Park, Ore.); Fic. 10, 
flavifacies (Tennessee Pass. Colo.); FiG. 11, wirtht (holo- 
type); Fic. 12, nigrifrons (Maynooth, Ontario). 
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Dec. 9, 1930 (R. W. Burgess); female, Coulee 
City, Wash., Sept. 3, 1920 (R. C. Shannon); male, 
Cuernavaca, Morelos, Mexico, May 1945 (N. L. 
H. Krauss) [all U.S. Nat. Mus.]; female, Riconda, 
S. of Taos, N. Mex., Aug. 25, 1940 (C. W. 
Sabrosky) [Sabrosky Colln.]. 

This is one of the few species of Meoneura, and 
one of only two from North America, which have 
the body polished black, non-pollinose. The 
other polished Nearctic species, M. nigrifrons, has 
black halteres and brown pollinose scutellum. 
There appears to be a third species with polished 
mesonotum, represented only by a damaged 
specimen from Georgia, which has a_ yellow 
halter and pollinose scutellum. It differs from 
the others in having predominantly yellow tarsi. 
Until it can be properly characterized and 
described, its existence must be watched for when 
naming polished black individuals. 

From the description, M. polita is apparently 
very similar to M. nitidiuscula Collin, described 
from Siwa Oasis in the Libyan Desert as a 
polished black, sparsely haired species. Collin 
noted that his species had yellowish tarsi, whereas 
in polita the legs are entirely black. The other 
polished black Palaearctic species, neglecta Collin, 
glaberrima Becker, and palaestinensis Hennig, all 
have pollinose scutellum. Unlike M. nigrifrons 
Malloch, all four Palaearctic species have vellow 
or vellowish-white halteres 


1. Meoneura obscurella (Fallén) 


Agromyza obscurella Fallén, 1823, Dipt. 
Agromyzides, p. 6 (Sweden). 

Agromyza tritici Fitch, 1856, Second Rept., Insects of 
New York, p. 534, pl. 2, fig. 1 (New York). NEw 
SYNON YMY. 

Veoneura vagans (Fallén) (syn. tritici Fitch; obscurella a 
probable synonym) Malloch, 1913, Proc. U. S. Nat. 
Mus. 46: 148 (New York, Fitch material; Cambridge 
Mass.) Misidentification of vagans. 

Meoneura obscurella (Fallén) Collin, 1930, Ent. Monthly 
Mag. 66: 83 (key), 87, pl. 3, fig. 1 (England; redescr.). 
Meoneura obscurella (Fallén) Hennig, 1937, in Lindner, 
op. cit., pp. 68-70 (probably occurs in America, with 

tritict a probable synonym) 


Suec., 


Predominantly black species with knob of 
halter whitish yellow, and anterior two-fifths to 
half of front yellowish orange to reddish orange; 
three pairs of dorsocentral bristles; male ter- 
minalia with long hair tufts. 

Male, female.—Front only slightly shining, the 
frontal triangle more so and quite distinct; 
ocellar tubercle finely and almost imperceptibly 
pollinose; eye large and rounded; cheek moder- 
ately broad, at the middle one-third the height 
of an eye; three almost equally strong bristles on 
the vibrissal angle; chaetotaxy as usual, the 
bristles strong except for the weak, slightly 
diverging postverticals. 

Thorax heavily and bright gray pollinose; three 
distinct pairs of dorsocentral bristles, all well- 
developed; pteropleuron bare. Abdomen shin- 
ing; ninth tergum fairly large; male terminalia as 
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figured (fig. 4), each lamella with a tuft of long 
hairs which are often evident even when the 
terminalia are retracted, and with forceps broad 
at base, tapering to apex. Legs slender and 
relatively long, the basitarsi unusually elongated, 
that of the hind leg equal to the other four 
tarsal segments combined and nearly three-fourths 
the length of hind tibia; fore femur with a large 
and strong bristle posteroventrally on distal third 
to fourth. 

Length of body and of wing, 2 mm. 

I have seen the following Nearctic specimens: 
3 males, | female from Fitch’s Collection, includ- 
ing a male marked “Fitch’s Type”’ (old, printed 
label) and accepted as that by Malloch (1913); 
male, female, Cambridge, Mass., Oct. 17, 1868 
and May 16, 1870 (Burgess), also recorded by 
Malloch (1913) as vagans but now bearing 
Malloch’s determination label as obscurella [U. S. 
Nat. Mus.]; female, Olmsted Co., Minn. (C. N. 
Ainslie); 7 males, 2 females, Ottawa, Ontario, 
June 15, 1955, in feed and seed company (C. E. 
F., O. Peck) [Canad. Dept. Agr.]. I have com- 
pared the above material with a male and female 
from Holland, determined as obscurella by de 
Meijere, and correctly so in the light of the 
studies by Collin and Hennig. 

M. obscurella is larger and grayer than most 
species of the genus. Its comparison with other 
species may be gleaned from the key and the 
notes under M. seducta. The Canadian exampies 
recorded above are a darker gray than the others, 
but still a brighter gray than in seducta. 

Fitch’s specimens were reared from larvae 
crawling in immense numbers from unthreshed 
wheat in a barn. It is interesting to note that 
the Ottawa series was collected in a feed and seed 
company. The two records together suggest the 
possibility of some association with such materials. 


5. Meoneura seducta Collin 
Collin, 1937, Ent. Monthly Mag. 73: 250, fig. 1 (England). 


Black species with knob of halter yellow and 
anterior two-fifths of front reddish orange; three 
pairs of dorsocentral bristles; male terminalia 
with unusually long, curling hairs. 

Male, female.—Black, the anterior two-fifths of 
front reddish orange, the almost hidden lunule 
yellow, knob of halter yellow, wing light brown. 

Front subshining, the frontal triangle polished 
black, rather distinct, barely over half the length 
of front; ocellar tubercle gray pollinose; long axis 
of eye diagonal; cheek moderately broad, at the 
back 0.38 and at the front 0.21 times the greatest 
height of the head, at the middle approximately 
one-third the height of an eye; three strong 
bristles on the vibrissal angle; chaetotaxy as usual ; 
anterior pair of interfrontals strong, proclinate and 
converging, arching over the antennal bases; 
postverticals weak, slightly diverging. 

Thorax subshining, dark gray pollinose; three 
distinct pairs of dorsocentral bristles, the hind 
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one twice the length of the others; prescutellar 
acrosticals weak, shorter than the anterior dor- 
socentrals; pteropleuron bare. 

Abdomen dull and pollinose dorsally toward the 
base, but polished apically and on the sides; 
ninth tergum large and knoblike; terminalia as 
figured (fig. 5), the forceps long and slender, 
slightly spatulate; lamella platelike, with a 
number of long, curling hairs that are usually 
evident even when the terminalia are retracted. 

Legs slender and relatively long; basitarsi 
notably slender and elongate, the hind basitarsus 
two-thirds the length of hind tibia, and nearly as 
long as remainder of tarsus, the length of entire 
hind tarsus 1.45 times that of hind tibia: fore 
femur with large and strong preapical postero- 
ventral bristle on distal fourth. 

Length of body and of wing, 1.5 mm. 

Over 50 specimens from scattered localities 
indicate that the species is widespread: Coachella 
and Thousand Palms, Calif.; Moscow, Idaho; 
Glen Echo, Md ; East Lansing, Mich.; El Paso, 
Tex.; Pullman, Wash.; and Ottawa, Ontario. 
Thirty-four specimens from Pullman, Wash., were 
reared from or collected on excrement of pig, 
mink, cow, and chicken (M. D. Coffey) [State 
College of Wash.] I have seen 12 Palaearctic 
specimens, including 2 males, 3 females from 
Thessaly, Greece, and 2 males, 5 females from 
the east bank of the River Jordan, near Sea of 
Galilee, Jordan, October 1946 (J. Palmoni) 
[U. S. Nat. Mus.]. 

The slender, elongate legs, with especially long 
basitarsi, are characteristic of this species and its 
close relative, M. obscurella. The other Nearctic 
species have short basitarsi and short legs. M. 
seducta keys to obscurella in both Collin (1930) 
and Hennig (1937). The male terminalia are 
similar in the two species, but seducta is distin- 
guished by slender forceps compared with the 
basally broad, subtriangular forceps of obscurella. 


6. Meoneura vagans (Fallén) 
A gromyza vagans Fallén, 1823, Dipt. Suec., Agromyzides, 

p. 5 (Sweden). 

Meoneura vagans (Fallén) Collin, 1930, Ent. Monthly 
Mag. 66: 83 (key), 84, pl. 3, fig. 2 (England: redescr.). 

Predominantly black species, with whitish- 
yellow knob of halter; one pair of dorsocentral 
bristles; male terminalia (fig. 6) with projecting, 
long-bristled anal lamellae. 

Male.—Predominantly black; front black, red- 
dening anteriorly; halter knob whitish vellow; 
wing whitish. 

Front very slightly shining, the frontal triangle 
distinct, highly shining, predominantly smooth 
and polished, about two-thirds the length of 
front, its apex opposite the uppermost pair of 
lower orbital. bristles; ocellar tubercle shining, 
apparently not pollinose; eye large and rounded; 
cheek one-fourth the height of the eye; middle 
bristle of the three on vibrissal angle much shorter 
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than the others; chaetotaxy as usual, the post- 
verticals weak and_ subparallel to slightly 
divergent. 

Thorax thinly dark gray pollinose, subshining; 
one pair of dorsocentral bristles; pteropleuron 
bare. Abdomen: Ninth tergum small; male 
terminalia as in fig. 6, the forceps undeveloped 
but lamella broadly digitate, and a pair of well- 
developed and lamellae projecting and bearing 
long, conspicuous bristles. Legs short, fore 
femur posteroventrally with two or more bristles. 

Female.—As described for the male except for 
male terminalia. 

Length of body and of wing, 1 mm. 

I have seen only a male and a female, Isle 
Royale, Mich., Aug. 3-7, 1936 (C. W. Sabrosky) 
[Sabrosky Colln.] 

This tiny species is superficially very close to 
lriangularis and flavifacies. It has only a single 
pair of dorsocentral bristles, but the anterior two 
pairs of dorsocentrals of those species are so short 
and weak that confusion will be easy. The male 
terminalia of the three are easily distinguished. 


7. Meoneura lamellata Collin 
Collin, 1930, Ent. Monthly Mag. 66: 83 (key), 86, pl. 3, 
fig. 7 (England). 
Hennig, 1937, in Lindner, op. cit., p. 66, fig. 61. 

Densely gray pollinose species with three pairs 
of dorsocentral bristles, whitish-yellow knob of 
halter, and distinctive male terminalia (fig. 7). 

Male, female.—Predominantly black, the an- 
terior half of front yellow to orange, and knob of 
halter whitish-yellow; wing light brown. 

Front less shining than usual; frontal triangle 
short, about half the length of front, polished 
only in part; ocellar tubercle heavily gray pol- 
linose; eye oval, the long axis parallel to front; 
cheek moderately broad at middle, two-fifths the 
height of an eye; middle bristle of three at 
vibrissal angle much shorter than the others; 
chaetotaxy as usual, but the bristles shorter and 
weaker than usual in the genus; postverticals weak 
and subparallel to slightly divergent. 

Thorax heavily gray pollinose, only weakly 
shining; three distinct pairs of dorsocentral 
bristles; pteropleuron bare. Abdomen with ninth 
tergum large and knoblike; male terminalia as 
figured (fig. 7), each lamella large and bearing 
long hairs. Legs short, the basitarsi short; fore 
femur posteroventrally with two strong bristles 
on distal two-fifths. 

Length of body and of wing, 1.2&-1.5 mm. 

I have seen 2 males and 2 females of this species 
from Big Delta, Alaska, June 20, 1950 (C. B. 
Philip), collected in a bank swallow nest [U. S. 
Nat. Mus.]. Collin recorded it as occurring 
“about the openings of Sand Martins’ [=bank 
swallow] burrows.” Hennig (1937) brought to- 
gether literature and collection records showing 
its occurrence in the nests of various birds in 
Finland, Germany, Russia, and Algeria 
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M. lamellata and the three following species 
belong to a group of species with no outstanding 
or peculiar characteristics outside of the male 
terminalia. Slight differences in length of triangle 
and color of mesonotal pollen are useful to a 
certain degree, although a character of pollinosity 
may require determined material for comparison. 
Final identification, however, will have to be 
made from the male terminalia, particularly 
because of the possible occurrence of other species 
of similar habitus, either undescribed ones or 
holarctic species thus far known only from the 
Palaearctic Region. M. lamellata is much more 
densely pollinose and much grayer than the 
other known species, and is easier to recognize on 
that account. 


S. Meoneura forcipata, new species 


Black, dark gray pollinose species, with knob 
of halter whitish yellow; frontal triangle short, 
dull to subshining. 

Male.—Predominantly black, the front slightly 
reddish anteriorly, but the specimen slightly 
teneral and the color possibly darker in life; knob 
of halter whitish yellow; wing light brownish. 

Front less shining than usual; frontal triangle 
short, half the length of front, dull to subshining, 
chiefly pollinose or finely shagreened; eye large 
and rounded; cheek not broad, at middle equal 
to 0.29 times the height of an eye and 0.20 times 
the greatest height of the head; middle bristle 
of the three at the vibrissal angle almost as long 
and strong as the others; chaetotaxy as usual, 
the bristles long and strong except for the short, 
slightly diverging postverticals. 

Thorax subshining, dark brownish gray pol- 
linose, only the posterior pair of dorsocentral 
bristles strongly developed, the anterior two 
pairs short, slender, and weak and barely dis- 
tinguished from the hairs; pteropleuron bare. 
Male terminalia as figured (fig. 8), the forceps 
undeveloped, but the lamella greatly elongated 
and enlarged, fringed with numerous stiff hairs, 
and with a few of these on the concave surface of 
the distal portion. Legs short; fore femur 
posteroventrally on distal half with three long 
and strong bristles. 

Female.—Unknown. 

Length of body and of wing, 2 mm. 

Holotype male, Mt. Revelstoke, B. C., Aug. 
10, 1952 (G. J. Spencer) [Canad. Dept. Agric. 
Colln., Ottawa]. 

In the unusual development of the lamella, and 
the absence of developed forceps, this species 
resembles only two described species, M. per- 
lamellata Hennig (1937, op. cit., fig. 70) from 
Israel, and M. alpina Hennig (1948) from Aus- 
tria, particularly the latter, of which I have seen 
a series of 14 specimens collected at Obergurgl, 
Tirol, July 20-29, 1953 (J. R. Vockeroth) [Canad. 
Dept. Agr. Colln.]. In M. lamellata Collin (cf. 
fig. 7), the lamella is large, broad, and long haired, 
but not elongate, and the forceps is well developed. 
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9. Meoneura triangularis Collin 


Collin, 1930, Ent. Monthly Mag. 66: 84 (key), &8. pl. 3, 
fig. 6 (England). 

Black species with thinly pollinose, dark 
mesonotum, whitish-yellow knob of halter, three 
pairs of dorsocentral bristles, and forceps sub- 
triangular in profile. 

Male, female.—Predominantly black, the an- 
terior two-fifths of front reddish orange, knob of 
halter whitish-yellow, and wing light brown. 

Front less shining than usual; frontal triangle 
smooth and highly polished, strongly contrasting 
with rest of front, and relatively long, slightly 
over three-fourths of length of front; ocellar 
tubercle shining, thinly and almost imperceptibly 
pollinose; eye large and rounded; cheek mod- 
erately broad, at middle equal to one-third the 
height of an eye and slightly over one-fifth the 
greatest height of head; middle bristle of three 
at vibrissal angle short and weak; chaetotaxy 
as usual, the bristles strong except for the weak 
and slightly divergent postverticals. 

Thorax subshining, thinly dark gray to 
brownish-gray pollinose; three pairs of dorso- 
central bristles, but the anterior two pairs much 
shorter than the posterior; pteropleuron bare. 
Abdomen shining; male terminalia as figured 
(fig. 9), the ninth tergum small, forceps sub- 
triangular in profile, broad at base and tapering 
to apex, with some relatively long stiff hairs on 
posterior surface of basal portion. Legs short, 
the basitarsi short; fore femur posteroventrally 
with a row of four or five long bristles. 

Length of body and of wing, 1—-1.25 mm. 

I have seen only the following specimens in 
addition to a male from Europe: 8 males, 4 
females, Crater Lake Park, Ore., Aug. 4, §&, 
Sept. 1, 3, 1930 (H. A. Scullen); 4 males, 3 females, 
Ashland Mt., Jackson Co., Ore., Aug. 5, 1952 
(Scullen) [Oregon State Coll. and U. S. Nat. 
Mus.]; female, Corvallis, Ore. (R. W. Lauder- 
dale); Kamiac Butte, Wash., June 1, 1912 (J. M. 
Aldrich) [U. S. Nat. Mus.]; 2 males, 1 female, 
Awene, Man., Aug. 30, 1917 (N. Criddle) ; female, 
Squamish, B. C., Aug. 20, 1953 (G. J. Spencer) ; 
male, Naknek, Alaska, July 23, 1952 (J. B. 
Hartley [Canad. Dept. Agr.]. 

As noted under /amellata, this species lacks 
peculiar characteristics outside of the male 
terminalia, and the characters in the key must be 
used with caution if only females are available. 


10. Meoneura flavifacies Collin 


Collin, 1980, Ent. Monthly Mag. 66: 83 (key), 85, fig. 9 
(England). 

Agromyza lacteipennis Fallén; Coquillett, 1900, Proc. 
Wash. Acad. Sci. 2: 464 (Alaska). Misidentification. 

Meoneura lacteipennis (Fallén) Malloch, 1913, Proc. U.S. 
Nat. Mus. 46: 144 (B. C., Alaska). Misidentification. 
Predominantly black species, with whitish- 

yellow knob of halter; three pairs of dorsocentral 

bristles; male terminalia (fig. 10) with both 

forceps and lamella small. 
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Male, female.—Predominantly black; front and 
face varying considerably in color in Nearctic 
specimens, sometimes the anterior half of front, 
the face except for depths of antennal foveae, 
and the anterodorsal portion of cheek bright 
yellow as described by Coilin for flavifacies, 
sometimes the head chiefly dark and only the 
anterior part of front reddish orange to dark 
reddish, occasionally even the front dark; halter 
knob whitish-yellow. 

Front not or scarcely shining, the frontal 
triangle shining and distinct, relatively short 
and broad, two-thirds as long as broad at base, 
its apex approximately opposite the uppermost 
pair of lower orbital bristles; ocellar tubercle 
heavily gray pollinose; eye large and rounded; 
cheek narrower than usual at its middle, less than 
three-tenths the height of an eye; middle bristle 
of the three on vibrissal angle shorter than the 
others; chaetotaxy as usual, the postverticals weak 
and subparallel to slightly divergent. 

Thorax finely brownish-gray pollinose, sub- 
shining; three pairs of dorsocentral bristles, but 
the anterior two pairs short and weak; ptero- 
pleuron bare. Abdomen shining; ninth tergum 
small, with numerous long hairs and_ bristles; 
male terminalia as figured (fig. 10), both forceps 
and lamella relatively small and inconspicuous. 
Legs short, the basitarsi not unusually elongate; 
fore femur posteroventrally with two long 
bristles. 

Length of body and of wing, 1.5 mm. 

I have before me over 70 specimens which I 
refer to this species, from a number of localities 
in Alaska (Anchorage, Douglas, Fairbanks, Healy, 
Hurricane, Matanuska, Saldovia, and Valdez), 
Northwest Territory (Aklavik, Tununuk), British 
Columbia (Kaslo, Mt. Revelstoke, London Hill 
Mine at Bear Lake), Alberta (Scandia, Lethbridge), 
Manitoba (Aweme, Fort Churchill), Ontario 
(Ottawa), Quebec (Sugluk), Labrador (Hebron), 
Colorado (Estes Park, Marshall Pass, Tennessee 
Pass, and Rio Blanco Co.), Idaho (Moscow, 
Potlatch), North Dakota (Bismarck), Michigan 
(East Lansing, Lapeer, Chatham, Isle Royale), 
Oregon (The Dalles), Utah (Soldier Summit, 7454 
ft.), and Washington (Asotin, Kettle Falls, 
Pullman). 

The Saldovia, Alaska, specimen was recorded 
by Cogquillett (1900) as Agromyza lacteipennis 
Fallén, and this specimen plus thoze from British 
Columbia were recorded by Malloch (1913) as 
Meoneura lactetpennis. 

Like lamellata and triangularis, M. flavifacies 
has no outstanding characters that will serve for 
both sexes. The characters used in the key must 
be applied with care, and the identification should 
be verified from the male terminalia. Similarity 
of terminalia throughout the above series of speci- 
mens has caused me to conclude that it consists 
of but one species with a wide range of variation 
in color of the head, especially that of the front. 
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11. Meoneura wirthi, new species 


Black, the halteres brown to black; mesonotum 
brownish-gray pollinose. 

Male.—Black or black-brown; wing and calyp- 
teres light brown; halter brown. 

Front slightly shining, the triangle more so but 
not highly polished because finely shagreened, 
three-fifths the length of front; ocellar tubercle 
small, gray pollinose; eye rounded but long axis 
slightly diagonal; cheek broad, its height at back 
0.31 and at front 0.23 times the greatest height of 
head, at the middle 0.38 times the height of an 
eye, highly shining; three strong bristles on the 
vibrissal angle; chaetotaxy of head as usual, but 
the bristles not strongly developed, the anterior 
pair of interfrontals especially weak; postverticals 
weak and slightly divergent. 

Thorax as in seducta, but only the posterior 
dorsocentral bristles strongly developed, the 
anterior two pairs short and only slightly longer 
and stronger than the suberect mesonotal hairs; 
pteropleuron bare. 

Abdomen highly shining, not pollinose but 
rugulose; ninth tergum not large and outstanding; 
terminalia as figured (fig. 11), the forceps long 
and slender, slightly tapering to apex; lamella 
digitate with a few moderately long hairs radiating 
from the distal portion; aedeagus short and thick. 

Legs slender; fore femur with two long and 
strong bristles on distal half of posteroventral 
surface. Costa beyond first vein with the usual 
short, regular setae. 

Female.—As described for 
terminalia. 

Length of body and of wing, 1—-1.25 mm. 

Holotype male, allotype, and 10 paratypes (4 
males, 6 females), Fandango Pass, Willow Creek, 
Modoc Co., Calif., May 15, 1948 (W. W. Wirth), 
in the U. S. National Museum, Type No. 64247 
The species is named in honor of the collector. 

I have also seen three males of wirthi from 
Kettle Falls, Wash., May 3, 1912, previously 
determined in the collection as vagans. 

The male terminalia appear to be related to 
those of /amellata Collin, though with less extreme 
developments, but that species has whitish-yellow 
halteres and bright yellow front. In Hennig’s 
key (1937), the dark halteres would appear to 
lead to M. elongella (Zett.), reccrded only from 
the type female from Lapland. However, that 
species is said to have only one pair of dorso- 
central bristles, and the front to be reddish 
anteriorly. The only other Palaearctic species 
with black halteres is M. perlamellaia Hennig 
(1937), described from Israel, which has quite 
different male terminalia. 


male except for 


12. Meoneura nigrifrons Malloch 
Malloch, 1915, Proc. Biol. Soc. Wash. 28: 47-48 (Urbana, 
I11.). 


Black halteres, polished black mesonotum, and 
brown pollinose scutellum. 
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Male.—Entirely black, only the front slightly 
reddish black anteriorly ; wing whitish. 

Front highly shining, the triangle long, not 
quite reaching the anterior margin of front, 
smooth and thus slightly distinguishable; eve 
rounded; cheek moderately broad; middle bristle 
of the three at vibrissal angle short and weak; 
chaetotaxy as usual, but the bristles not as strong 
as usual; postverticals weak and slightly diver- 
gent. Mesonotum polished and non-pollinose, 
except above the neck, the scutellum pollinose; 
only the posterior pair of dorsocentral bristles 
developed, any others indistinguishable from 
hairs (Malloch stated that theré were two pairs, 
the anterior weak, but I can see only the one 
pair in the examples before me); pteropleuron 
bare. Abdomen polished, mostly glabrous, with 
some hairs on the fifth tergum; terminalia as in 
fig. 12, the forceps unusually slender and elongate; 
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aedeagus, in the one available male, narrow, long 
and straplike. Legs short, the basitarsi short; 
fore femur with several posteroventral bristles. 

Female.—As described for male except for 
terminalia. 

Length of body, 1.5 mm.; of wing, 1.25 mm. 

I have seen only a few examples of this charac- 
teristic species: Female, topotypic, Urbana, III., 
July 22, 1915, on window (det. Malloch); female, 
Halsey, Nebr., June 27, 1957 (R. Henzlik) [U. S. 
Nat. Mus.]; male, two females, Maynooth, 
Ontario, June 18 and 19, 1953 (J. F. McAlpine) 
(Canad. Dept. Agr.]. The holotype is in the 
collection of the Illinois Natural History Survey. 

This species can be distinguished from most of 
its congeners and from the other Nearctic forms 
thus far known by the combination of black or 
brown halteres and glossy black mesonotum. 
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ABSTRACT 


Microbiological and chemical methods were used to 
determine the B vitamin content of whole mosquito 
The five species studied (Culex fatrgans, C. 
pipiens, C. molestus, Aedes aegypti, and Anopheles quadri- 
maculatus) exhibited significant differences in their 
content of pantothenic acid, thiamine, niacin, riboflavin, 
and biotin. C. fatigans and C. molestus females contained 
considerably more pantothenic acid than the other 


tissues. 


The majority of studies dealing with the 
vitamins of insects have been concerned with the 
requirements of various species. Each member 
of the vitamin B complex has been found to be 
essential for at least one species and a number of 
forms require all of the major B vitamins (Lipke 
and Fraenkel, 1956). In fact, thiamine, ribo- 
flavin, nicotinic acid, pyridoxine and pantothenic 
acid are required by most species which do not 
harbor symbionts (Albritton, 1955), emphasizing 
the important role of these microorganisms as 
sources of B vitamins for their hosts. 

The vitamin B content of insect tissues has 

‘This investigation was supported by a research grant 
No. E-98 (C5) from the National Institute of Allergy 
and Infectious Diseases, Public Health Service. Accepted 
for publication July 24, 1958. 
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species. The niacin and riboflavin content of these two 
Culex species was approximately the same; and this was 
true also, though at a significantly lower level, for A. 
quadrimaculatus and A. aegypti. Tissues of C. pipiens 
contained the largest amounts of biotin. The assay 
values for thiamine were essentially the same for all 
species. The females contained much more biotin and 
pantothenic acid than the males. 


Spector (1956) has 
listed values for biotin, inositol, niacin, pan- 
tothenic acid, riboflavin and thiamine in the 
whole tissues of the red ant, cockroach, fruit 
fly larva and termite. Metcalf (1943) found 
large amounts of certain vitamins stored in the 
malpighian tubes of the cockroach, Periplaneta 
americana (L.). B vitamins of larval and adult 
mosquitoes Aedes aegypti (L.) were determined 
by microbiological assay procedures (Kozloff and 
Pijoan, 1946). They found that the adults had 
greater amounts of thiamine, riboflavin, nicotinic 
acid, pantothenic acid, pyridoxine and_ biotin 
than the larvae. 

This investigation is part of a study on the 
comparative biochemistry of mosquito species 
and subspecies. It was prompted by the dif- 
ferential susceptibility of mosquitoes to malarial 
parasites. These parasites require certain amino 
acids and vitamins for growth and multiplication 


received little attention. 
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in vitro and there is considerable variation in the 
amounts needed by various plasmodia (Geiman, 
1948). Likewise, there is evidence that the 
sexual stages of the malarial parasite require 
these nutrients for the growth and extensive 
multiplication they undergo in their host. Ball 
(1954) obtained partial development of oocysts 
of Plasmodium relictum in a synthetic medium 
which included various B vitamins and amino 
acids. It is possible that some mosquito species 
cannot supply the growth factors needed by the 
developing parasite, whereas others can. It has 
been established that there are significant quanti- 
tative differences between various mosquito 
species as to their content of free amino acids 
(Micks, 1956; Micks and Gibson, 1957). This 
report presents new information which extends 
the number of interspecific biochemical dif- 
ferences in adult mosquitoes. 


MATERIALS AND METHODS 
Colonies of Culex fatigans Wied., Culex pipiens 
(L.), Culex molestus Forsk., Aedes aegypti (L.) and 
Anopheles quadrimaculatus Say were maintained 
in an insectary under temperature-controlled con- 
ditions on a standard diet of laboratory chow. 
Unfed adult mosquitoes (approximately 24 hours 


Table 1. 


Vitamin Culex molestus 


Culex fatigans 
fe) A Q 7 g 


125 59 118 
Niacin... 76 77 
Riboflavin 31 32 
Thiamine 12 15 
Biotin 1.2 l 


Pantothenic acid 


old) were anesthetized with ether, separated as 
to sex and stored at —10°C prior to use. 

Batches of mosquitoes (50 to 100 mg.) were 
homogenized with distilled water in a tissue 
grinder. The methods of preparing the samples 
and setting up the microbiological assays of 
biotin, pantothenic acid and niacin were essen- 
tially those of Barton-Wright (1952) except that 
hog kidney extract and alkaline phosphatase were 
used to extract pantothenic acid. Lactobacillus 
arabinosus 17/5 was the organism used for all 
three vitamins. 

Five to twelve assays of biotin and pantothenic 
acid were run on the males and females of all 
five mosquito species. In addition, three micro- 
biological assays of niacin were set up in order to 
determine how well the values compared with 
those obtained from the chemical procedure. 
The assays were read with a Beckman Model H2 
pH meter according to the method of Silber and 
Muskett (1942) and were considered valid when 
the difference between the uninoculated controls 
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Vitamin content (in micrograms 


Culex pipiens 
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and the inoculated blanks did not exceed 0.5 of a 
pH unit. 

Riboflavin, thiamine and niacin were deter- 
mined by chemical methods, necessitating large 
batches of mosquitoes (0.5 to 2 grams). Ribo- 
flavin was assayed by the fluorometric method 
of Arnold (1945), thiamine by the procedure of 
Hochberg et al (1945) and niacin by the method 
of Melnick (1942). Ten or more assays of each 
of these three vitamins were run on the females of 
every species except C. pipiens. 

Standard deviations were calculated for each 
set of values and the data subjected to statistical 
analysis by the “t’”’ test. The probability ‘“‘p”’ 
was also obtained for each set of data. 


RESULTS AND DISCUSSION 


It can be seen from table 1 that the various 
species of mosquitoes differ significantly as to 
their B vitamin content. In general, it is evident 
that females of the culicine species, particularly 
those of the genus Culex contain larger quantities 
of vitamins than A. guadrimaculatus. However, 
the values obtained from A. aegypti are more 
nearly like those of the latter species. It is 
interesting that the thiamine content of the 
various species studied is essentially the same. 


per gram) of five species of mosquitoes 


Aedes aegypti Anopheles quadrimaculatus 


¥ 


0.99 


On the other hand, significantly different amounts 
of the other four vitamins are found. For 
example, C. fatigans and C. molestus contain 
significantly more pantothenic acid than C 
pipiens, A. aegypti and A. quadrimaculatus. The 
niacin and riboflavin content of C. fatigans and 
C. molestus is approximately the same as is the 
level of these vitamins in A. quadrimaculatus and 
A. aegypti. However, the quantity of these two 
vitamins in the Culex species is significantly 
higher. The microbiological and chemical assays 
of niacin yielded comparable values. 

Without exception, the females contain much 
more biotin and pantothenic acid than the males 
This is surprising in view of the fact that the 
infrared absorption spectra of extracts and 
chromatographic patterns of amino acids in 
whole tissues are essentially the same for males 
and females (Micks and Partridge, 1958; Micks, 
1956). Table I shows that there is essentially 
no agreement between the values derived from 
the sexes. For example, the C. fatigans females 
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have the highest level of pantothenic acid whereas 
the males of this species contain the lowest 
amount 

As compared with many other invertebrates 
as well as vertebrates, the tissues of female 
mosquitoes contain large amounts of B vitamins. 
However, the values are not greatly different 
from those given by Spector (1956) for whole 
tissues of other insects. While tissues of some 
insects are known to contain exceedingly large 
amounts of certain vitamins, this is usually due 
to some specialized function. Metcalf (1943), 
for example, has studied the water-soluble vita- 
mins which are stored in the malpighian tissue of 
the American cockroach, P. americana and has 
obtained values as high as 50 ug./gram, 1,000 
ug./gram and 460 ug./gram for thiamine, ribo- 
flavin and nicotinic acid, respectively. 

The assay values obtained by Kozloff and 
Pijoan (1946) for thiamine, riboflavin, niacin and 
biotin in adult A. aegypti mosquitoes compare 
closely with our results with this species. How- 
ever, our material yielded more than twice the 
amount of pantothenic acid reported by them. 
This is probably due to the greater liberation of 
the vitamin by the method used in this study. 
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A NEW ANICETUS PARASITE OF THE TULIPTREE SCALE 
(HYMENOPTERA: ENCYRTIDAE)' 
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ABSTRACT 


Anicetus toumeyellae was one of the parasites found 
infesting Toumeyella liriodendri during a severe out- 
break of the latter in Delaware in 1950, and was also 


During the summer of 1950 a severe infestation 
of the tuliptree scale, Youmeyella liriodendri 
(Gmel.), occurred over a large area along the 
East Coast. Several parasites and predators 
were encountered while studying the progress of 
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found as a parasite of soft scale on magnolia, but was 
not very abundant during this season. 


this pest in the vicinity of Newark, Delaware. 
One of the parasites appears to be new and, 
because of its potential economic importance, it 
is herewith named and described. 

In the following description, F preceding the 
Roman numeral refers to that particular segment 
of the antennal funicle; Sm denotes the sub- 
marginal vein, M the marginal, Pm the post- 
marginal, and S the stigmal vein. 
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Anicetus toumeyellae, new species 
lemale.—Head slightly narrower than the 
thorax, from above a little less than twice as 
wide as long, hemispherical in outline; compound 
eye (located dorso-laterally) large, oval, finely 
pilose; vertex almost flat, or at most only weakly 
convex, finely reticulate (or shagreened); fronto- 
vertex shagreened, anteriorly with a very sharp 
angulation which continues laterally in front of 
and beneath the eyes; face and cheeks micro- 
scopically rugulose, the former reflexed, the latter 
strongly convergent toward the mouth; ocelli 
forming a nearly equilateral triangle, the lateral 
ocellus about one-half its greatest diameter from 
the eye margin; antennal scrobes not sharply 
defined, broad, confluent above; mandible ap- 
parently bidentate; antenna compressed; scape 
broad, flattened, more or less triangular, narrowest 
basally, thickest along dorsal margin, thin and 
blade-like along ventral and apical margins; 
pedicel wider above, curved and extended tooth- 
like below; funicular segments similar to pedicel 
in shape but shorter; club obliquely truncate, 
about as long as, and only slightly deeper than, 
the funicle. Thorax above shagreened to micro- 
scopically rugulose-reticulate, especially on the 
scutellum, the mesopleurum smoother and pol- 
ished; mesoscutum evenly convex, almost twice 
as wide as long; scutellum less convex than the 
scutum, rather sharply rounded posteriorly; mid- 
dle leg with spur subequal to basal tarsal seg- 
ment; basal segment of hind tarsus equal to two 
succeeding segments combined; front wing with 
Sm long, M (approximately three times longer 
than wide) less than twice as long as Pm and only 
slightly longer than S; wing membrane normally 
indented or sulciform along darkened arch proxi- 
mad of hyaline tip. Propodeum at most weakly 
sculptured, polished. Abdomen shorter and wider 
than the thorax, depressed, cordate in dorsal 
aspect, narrowest and broadly rounded _pos- 
teriorly, smooth and polished; only tip of ovi- 
positor exposed, the entire length of its sheaths 
equal to two-thirds the length of the abdomen. 
Pubescence on the body and appendages sparse 
except most numerous and strongest on the 
antennae, where it is especially prominent along 
the dorsal and ventral margins of the funicle; 
few conspicuous hairs on the occiput; posterior 
margins of pronotum and mesoscutum with some 
prominent hairs, most of the latter region covered 
with weaker pubescence; scutellum with stout 
hairs latero-posteriorly; tegula and scale at base 
of front wing with few strong hairs, the proximal 
two-thirds of Sm with five conspicuous, inclined, 
stout bristles, those on remainder of wing venation 
(none on S) somewhat less stout and more closely 
set; proximal one-fourth of front wing and base 
of hind wing bare, the remainder with fine 
vestiture except a conspicuous group of strong 
bristles located beyond and beneath end of Sm; 
vestiture of abdomen weak, most noticeable 
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laterally and posteriorly in addition to vibrissae 
arising from the cercal plate. 

Color of head above brownish (orange) yellow, 
the gena and face light brown; narrow dark brown 
horizontal stripe traverses each gena to antennal 
base, and continues between antennae as an 
inverted “V’’; antennal scrobes light yellow, 4 
short dark brown transverse spot medially above; 
antenna orange, except the ventral and distal 
margins of scape, the dorsal area of first club 
segment, dorsal and ventral areas of the second 
and all of the third, black. Thorax orange yellow, 
the pro- and mesosternum dark brown (under 
certain light the mesoscutum and mesopleurum 
have a purplish luster or reflection); front leg 
with coxa, trochanter, base of femur, the middle 
leg with coxa except base, trochanter and two- 
thirds of the femur, whitish; remainder of legs 
yellowish brown, except basal segment of hind 
tarsus for the most part, and extreme tips of all 
tarsi, dark brown (or black); proximal one-fourth 
of front wing (from base distad two-thirds dis- 
tance of Sm), and apex hyaline, remainder of 
wing infumate, with spot at base, area beneath 
Sm where it bends toward anterior margin, im- 
mediate area adjacent to M and S, and arched 
band that begins immediately beyond M and 
extends to posterior margin just proximad of 
hyaline tip, darker; hind wing hyaline, except 
weakly infumated spot at apex of venation. 
Approximate basal half of abdomen (part cephalad 
of cercal plates) dark brown above with greenish 
reflection under certain light, except basal corners 
dark brownish orange; remainder of abdomen 
yellowish brown, the tips of ovipositor sheaths 
somewhat darker. Vestiture golden brown to 
black, that on the legs paler except dark on 
outer basal surfaces of middle and hind tibiae. 

Length, 1.3 mm. 

Male.—Head distinctly narrower than the 
thorax, and almost twice as wide as long, its 
outline from above transverse oval except slightly 
concave above antennal scrobes; vertex convex, 
the fronto-vertex concave in front of median 
ocellus, the sculpture of both areas very finely 
punctate or reticulate; face and cheeks shiny, 
microscopically rugulose to aciculate; ocelli ar- 
ranged in an equilateral triangle, the median one 
noticeably larger than the lateral ones, which are 
located slightly less than their shortest diameter 
from the eye margin; antennal scrobes shallow, 
separated by a rather wide ridge but not distinctly 
defined, except dorsally by the sharp angulation 
with the fronto-vertex, less so laterally; eye more 
rounded and bulging than that of female and only 
very sparsely pilose; scape subcylindrical, a little 
longer than pedicel and FI combined; pedicel 
globular, wider than FI and about one-half as 
long; all funicular segments subcylindrical, FI 
III and FVI nearly equal in length and width, 
FIV-V slightly longer; club solid, perceptibly 
narrower than the funicle, not quite twice as 
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long as FVI. Structurally, thorax and append- 
ages similar to those of female, but front wing 
shorter and comparatively wider; Sm long, M 
very short, Pm and S about equal, both the 
latter a little longer than M. Abdomen with 
dorsal aspect cordate, depressed, smooth and 
polished. Vestiture on the head short and 
rather sparse, that on the antenna long (longer 
than antennal width) and the hairs curved at 
tips; proximal two-thirds of Sm with about six 
conspicuous bristles, remainder of venation with 
weaker and more closely placed vestiture. 

Color of body black (certain lights give a 
metallic luster, especially greenish on the face 
and cheeks, and purplish on the mesopleurum) ; 
clypeus brown; mandible yellowish basally, brown 
apically; palpi and distal two-thirds of scape 
vellowish, remainder of scape, and the pedicel, 
dark brown, the funicle and club lighter brown. 
Front leg yellowish brown except femur mostly 
black; middle leg with coxa except tip, femur 
medially, and extreme tip of tarsus black, re- 
mainder yellow to yellowish brown; hind leg 
mostly black and light brown, the base and tip 
of tibia, and third and fourth segments of tarsus, 
lighter. Vestiture brown to black, most of that 
on legs paler. Wings hyaline, the venation 
brown. 

Length, 1.0 mm. 

Holotype.—Female, Newark, Delaware, August 
20, 1950 (H. E. Milliron), ex Toumeyella 
liriodendri. U.S. National Museum type cata- 
log number 64270. Allotype—-Male, Newark, 
Delaware, July 17, 1950 (D. MacCreary), ex 
soft scale on magnolia. /Paratypes (all collected 
at Newark, Delaware).—9 females, 6 males, 
July 17, 1950 (Donald MacCreary), ex soft scale 
on magnolia; 21 females, 1 male, July 30, 1950 
(H. E. Milliron), ex Toumeyella liriodendri 
(Gmel.), August 14-20, 1950; 1 female, August 
20, 1950 (H. E. Milliron), in jar with: 7. lirio- 
dendri; 2 females, November 2, 1950 (H. E. 
Milliron), ex light shades in laboratory; 6 females, 
3 males, July 30, 1950 (H. E. Milliron), ex 
Toumeyella liriodendri, August 15, 1950 (on 3 
separate slides); 1 female, August 20, 1950 (H. E. 
Milliron), ex Toumeyella liriodendri, August 26, 
1950 (slide); 1 female, August 30, 1950 (H. E. 
Milliron), collected on tulip tree infested with 
Toumeyella liriodendri (slide). All the above 
specimens are in the collection of the U. S. 
National Museum, Washington, D. C., except that 
two paratypes of each sex are deposited in the 
California Academy of Sciences, San Francisco, 
and in the Canadian National Collection, Ottawa. 

Type Locality.—Newark, Delaware. 

Host.—Toumeyella liriodendri (Gmel.). 

Variations.—Females show some variations in 
structure, of which probably the most important 
is the length of the ovipositor; often it is not at 
all exposed, but most specimens do have the tip 
distinctly exserted. The sculpture on the meso- 
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pleurum sometimes is more distinct than indi- 
cated. Length of females varies from 1.0—-1.5 mm. 
The number of conspicuous bristles on the proximal 
two-thirds of Sm ranges from four to six on speci- 
mensexamined. The darkest individuals have the 
face, gena, mesoscutum and mesopleurum some- 
what infuscated, though in such cases the entire 
thorax, as well as the distal half of the abdomen, 
usually appear darker. Sometimes the corners 
of the abdomen, described as paler, may be 
nearly concolorous with the remainder of the 
abdominal base. The first segment of the hind 
tarsus may be distinctly paler proximally, and 
occasionally almost entirely pale. The first seg- 
ment of the antennal club of some specimens is 
more extensively black than described. 

Very little structural variation is noted among 
the males examined. In size, they range from 
0.86-1.1 mm. The number of bristles along the 
proximal two-thirds of Sm is three to four on a 
single small specimen, whereas on larger indi- 
viduals there are at least six. Any color dif- 
ferences between the few male specimens at hand 
appears to be insignificant; the hind tarsus may 
sometimes be variable to the extent that all the 
segments are equally darkened. 

Comments.—This species is most closely related 
to annulatus Timb. and dodonia Ferr., from which 
it is easily separated by the absence of dark 
bands on the hind tibia. Aside from host infor- 
mation, nothing is known about the biology. It 
has been observed that parasitized scales become 
darker in a similar manner as do the citricola 
scales, Coccus pseudomagnoliarum (Kuw.), that 
are infested with annulatus according to Compere 
(1924). Dissection of parasitized scales has 
shown that the normal position of toumeyellae 
pupa within its host agrees with that of annulatus 
(Compere, loc. cit.), and it is probable that the 
biology of these two species is strikingly similar. 

The parasite was not very abundant during 
the 1950 season. Whether, it is capable of build- 
ing a population adequate to aid materially in 
the control of the tuliptree scale is at present 
unknown. Compere was of the opinion that the 
value of annulatus as an enemy of the citricola 
scale in California was doubtful, primarily be- 
cause of its infrequent occurrence. On the other 
hand, this same species was regarded by 
Yasumatsu and Tachikawa (1949) as the most 
important of the several parasites of Ceroplastes 
rubens Mask. in Japan. 
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ABSTRACT 


All known larvae of Sciomyza species are efficient 
killers of terrestrial snails of the family Succineidae. 
Life histories are given in considerable detail for S. 
aristalis (Coq.) and S. simplex Fallén. The larva of 
the former is very closely associated in a parasitoid 
manner with Succinea ovalis Say, a common woodland 
snail of the northeastern states. The larva of S. simplex 
is probably more predaceous in its habits, as it readily 


It has been only since the recent publication 
by Berg (1953) of a paper dealing with the 
habits of the immature stages of the sciomyzid 
flies that it has been generally recognized that 
the larval stages of this family are killers of 
snails. Before that time it was commonly 
assumed (on no reliable evidence whatsoever) 
that the larvae were consumers of decaying plant 
material or occasionally carnivorous on small 
invertebrates (e.g. Lundberg, 1923). For a more 
extensive review of the pertinent literature on 
the larval habits of the Sciomyzidae the reader 
is referred to Berg’s paper. It is the purpose of 
the present paper to present a few observations 
on the life history of three Nearctic species of one 
genus of the family. 
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The Genus Sciomyza Fallén 
According to Steyskal (1954), who presented 
a key to the world species «-f Sciomyza, there are 
only six speci-s now res »nized as belonging to 
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attacks and destroys several individuals of Oxyloma 
snails. Some biological-ecological information is pre 
sented for S. dryomyzina Zett., but the exact relation- 
ships with the snail host are unknown for this and for 
the fourth Nearctic species, S. varia (Coq.). Keys are 
given to the adults, and to eggs, third-instar larvae, and 
puparia of the species for which they are known. 


this genus. SS. lucida Hendel and tfestacea Mac- 
quart are restricted to the Palaearctic Region; 
dryomyzina Zetterstedt and simplex Fallén are 
Holarctic in distribution and aristalis Coquillet 
and varia Coquillet are apparently limited to the 
Nearctic Region. Thus four species are known 
to occur in North America, although dryomyzina 
has been reported only from Alaska. Biological 
information is now available on three of these 
four species. 

European workers (Sack, 1939; Verbeke, 1948) 
continue to use the generic name _ Bischofia 
Hendel for the six included species, but it appears 
that Sciomyza has distinct priority. Fallén 
(1820) proposed the name Sciomyza to include 
12 species of sciomyzid flies. Westwood (1840) 
designated S. simplex Fallén 1820 as the type 
species of Sciomyza, and his type designations 
were later upheld by Opinion 71 of the Inter- 
national Rules of Nomenclature. Hendel (1902) 
first proposed the name Bischofia and selected 
S. simplex as the generitype of his new genus 
Because this species had already been selected as 
the generitype of Sciomyza, it seems quite obvicus 
that Bischofia is a junior synonym. Hendel 
(1910) recognized that his generic name was a 
synonym and stated that Sciomyza should be 
considered as the correct name, but later reversed 
himself and reinstated Bischofia without giving 
any reasons for so doing. 

It is interesting that all the known larvae of 
this genus are associated with terrestrial snails 
of the family Succineidae. Repeated attempts 
to feed the larvae on species of snails belonging 
to other families were completely unsuccessful. 
The larvae are either predators or parasitoids on 
the living snails and have not been observed to 
invade decaying carcasses. In the present paper 
a predacious larva is considered as being one 
which normally attacks and kills several snails 
during the course of its larval life. A parasitoid 
larva, on the other hand, is one which invades 
and eventually kills only one snail during its life 
The term parasitoid is referable to Reuter (1913) 
and is in common usage in the literature dealing 
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with the larval habits of certain groups of 
“parasitic”? Hymenoptera (Ichneumonidae, Bra- 
conidae, Chalcidoidea, etc.). 

From the study of the life histories of the 
three species an evolutionary development of the 
fly-snail relationship can be discerned. Two of 
the species, S. drvomyzina and simplex, leave the 
host snail after completing larval growth to 
pupate on or in the ground. The S. aristalis 
larva, on the other hand, remains with the 
destroyed snail and eventuaily forms a puparium 
within its shell. S. aristalis adult females 
will not oviposit except directly on the shell 
of a living snail whjle adults of simplex merely 
deposit eggs on vegetation in the immediate 
habitat of its host snail. These two observations 
clearly indicate that, of the three species, S. 
aristalis is the most intimately related to its host 
snail. 

Sciomyza adults can be distinguished from those 
of other sciomyzid genera by the following 
combination of characters: possession of a strong 
propleural bristle; presence of two preapical 
bristles on fore tibia; subbasal arista clothed by a 
black plumosity. The key given below to the 
four Nearctic species is somewhat modified from 
Steyskal (1954). 

It is not possible as yet to separate the eggs of 
Sciomyza from those of other genera. The eggs 
are elongate-oval in shape, white to cream in 
color and have a chorion pattern of reticulated 
pits and ridges (fig. 15). The eggs of only two 
species are known and these can be separated by 
the accompanying key. 

The following combination of characters will 
serve to distinguish the larvae of Sciomyza from 
those of other genera: color white to cream; 
ventral creeping welts with well-defined spinule 
bands; ventral cornua of pharyngeal sclerite of 
cephalo-pharyngeal skeleton with conspicuous 
oval window; parastomal bars very poorly 
developed, barely reaching posterior border of the 
hypostomal sclerite; mouthhooks without acces- 
sory teeth, connected posterodorsally by a 
narrow, chitinized bar. Two species are known 
in the larval condition, and the characters of a 
third can be deduced from available puparia. 
These can be separated by the accompanying key. 

Puparia of three species are known, but these 
can be positively distinguished from species 
belonging to other genera only on the basis of the 
larval cephalopharyngeal skeletal characters as 
mentioned above. The puparium must be opened 
and the cephalopharyngeal skeleton removed and 
mounted before the definitive characters can be 
determined. Puparia of S. simplex and dryomy- 
sina are basically barrel-shaped, but those of 
aristalis are somewhat twisted posteriorly. The 
anterior spiracles are shaped like a cogwheel and 
have a marginal lobe number varying from 24 
to 32. Puparia of the three species are separated 
by the accompanying key. 
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KEYS 

Adults: 

1. Thoracic dorsum black; mesopleura bare posteriorly : 
fore femora black, at least on apical one-half. . 

S. varia (Coq.) 
Thoracic dorsum ferrugineous to grayish; meso- 
pleura with at least a few bristly hairs posteriorly 
near suture ans 2 
Palpi blackish, at least apically; center of face 
strongly blackened; fore femora wholly yellow. 
S. aristalis (Coq.) 
Palpi wholly yellow; face uniformly yellowish to 
reddish-brown 3 
Mesopleura with at least two strong bristles pos- 
teriorly in addition to numerous shorter birstly 
hairs; ventral half of pleura pruinose; dorsum of 
mesonotum grayish with four darker longitudinal 
stripes; fore femora usually wholly yellow. . 
S. simplex Fall. 
Mesopleura with only a very few fine, short hairs 
near the posterior suture, without outstanding 
bristles; ventral half of pleura not pruinose; dor- 
sum of thorax shining reddish-brown; fore femora 
usually blackened on apical one-half or more. 
S. dryomyzina Zetter. 

Eggs: 

1. Egg uniformly elongate-ovoid, not flattened or con- 
cave on one side; chorion with all surfaces covered 
with reticulate pattern; eggs not deposited on 
snail shells .S. simplex 

Egg flattened or concave on one side; chorion on 
this flattened surface smooth, without reticulate 
pattern; eggs deposited on snail shells. .S. aristalis 


Third Instar Larvae: 
1. Post-oral sternal plate present (fig. 9); spinules in 
ventral creeping welts black, conspicuous; ventro- 
lateral lobes of posterior spiracular disc well- 
developed (fig. 13); peritreme of posterior spiracles 
brown , ..S. simplex 
Post-oral sternal plate absent or represented by a 
very few small spinules; spinules in ventral creep- 
ing welts pale, apices darkened 
Peritreme of posterior spiracles 
marginal lobe number of anterior 
approximately 27 
Spiracular peritreme 
marginal lobe number of 
approximately 25. 


% 


densely black; . 


spiracles 
.S. aristalis 
vellowish to light brown; 
anterior spiracles 


S. dryomyzina 


Puparia: 

1. Puparium strongly twisted dorsally and to the left 
on posterior third; strong crease running ob- 
liquely across dorsum of posterior four segments; 
puparium definitely not barrel-shaped, formed 
within snail shell (fig. 16) S. aristalis 

Puparium basically cylindrical, _ barrel-shaped, 
formed away from snail shell (fig. 18) 2 

Anterior spiracles dorsal in position on cephalic 
cap (fig. 19), about 32 lobes around margins; 
spinules in vestiges of larval ventral creeping 
welts black, conspicuous; ventral lobes of spi- 
racular disc closely approximated medially, not 
divergent, posterior spiracles not visible when 
puparium is viewed ventrally . S. simplex 

Anterior spiracles distinctly lateral in position, on 
short pedicels (fig. 18), approximately 25 lobes 
around margins; spinules in ventral creeping 
welts pale with blackened apices; ventral lobes 
of spiracular disc divergent, posterior spiracles 
visible ventrally S. dryomyzina 


Sciomyza aristalis Coquillett 
An intensive search of the literature failed to 
turn up a single reference dealing with the life 
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history of this uncommon fly. The species is 
poorly represented in collections and is easily 
overlooked by field collectors. It is apparently 
limited in distribution to the Nearctic Region, 
and Steyskal (personal communication) reports 
adults from the following states and provinces: 
Maine, New Hampshire, Vermont, Massachusetts, 
New York, Michigan, Quebec, Ontario. The 
species thus seems to be restricted to the north- 
eastern portion of the country, being replaced in 
the mid-west by S. simplex Fallen. 

In ecological distribution the adults show a 
distinct preference locally for rather open flood- 
plain woods dominated by American elm (Ulmus 
americana L.) and red maple (Acer rubrum L.) 
and having a luxuriant herbaceous undergrowth. 
Adults and immature stages were most abundant 
in the vicinity of Ithaca in an open swamp forest 
containing many dead and dying elm and maple 
trees and having scattered colonies of cattail 
(Typha latifolia L.). The fly habitat preferences 
naturally parallel those of the host snail, Succinea 
ovalis Say, but the snail seems to show greater 
amplitude of habitat selection than does the fly. 
The snail, for example, is occasionally common 
around hillside seepage areas in forested regions, 
but I have never taken the fly in such situations. 
Nor has the fly been collected in the fairly dry 
margins of open cat-tail marshes even though 
the snail may occur quite abundantly there. 


LIFE HISTORY 

Eggs.—Eggs of this species were first discovered 
on September 3, 1956 during a collecting trip 
to an open flood-plain woods bordering the 
outlet stream of Cayuta Lake, Schuyler Co., N. Y. 
where the host snail occurs abundantly. During 
the examination of a few snails that were attached 
to leaves of cattail, one specimen was noticed 
which had a small, white, reticulate egg attached 
to the shell. Further collecting resulted in the 
discovery of 21 living snails with attached eggs, 
out of a total of 220 snails examined. All 21 
snails were taken a few feet above the ground on 
the leaves of cattail. All were definitely alive 
when collected and were later transported to the 
laboratory where they were placed individually 
in small, dry stender dishes. 

The egg is deposited longitudinally in the 
suture separating the last two whorls of the shell 
and is typically placed only a few millimeters 
away from the shell aperture (fig. 14). Measure- 
ment of the distance from the lower end of the 
egg to the aperture of the shell gave a range of 
0.2 to 5.6 mm. in the 21 eggs examined. Placed 
as it is in a suture between two convex surfaces, 
the egg is admirably protected from being 
rubbed off the shell as the snail moves about in 
its normal activities. An additional insurance 
is provided by the glue-like substance cementing 
the egg firmly to the shell. Actual evidence for 
the permanence of the egg on the snail is that 
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shells containing puparia still have the egg 
attached (fig. 16). Snails which were unsuccess- 
fully attacked by the first-instar larvae (11 in all) 
remained active for several weeks without 
rubbing off the now empty egg. Usually only 
one egg is attached to a shell, but occasionally a 
snail would be found with two eggs laid end to 
end in the suture. In the laboratory up to six 
eggs were deposited on a single living snail placed 
in a breeding jar with a single female fly. Records 
maintained on 10 eggs indicate an incubation 
time of four to five days after which period the 
first instar larva hatches and begins active 
creeping movements over the surface of the 
snail. Surprisingly, hatching occurs from the 
end of the egg farthest from the aperture of the 
snail. This was true in every one of the 21 eggs 
held under observation. 

Larval habits —Unless the tiny larva is rubbed 
off the shell it eventually comes in contact with 
the foot of the snail exposed in the aperture. 
Once contact is made the larva attempts to insert 
itself between the mantle covering the flesh and 
the outer lip of the snail. If successful the larva 
moves dorsally up onto the flesh and soon comes 
to rest on the mass of the digestive gland. The 
snail flesh is forced down by the larva, forming a 
small depression in which it lies while feeding on 
the gland. Apparently enough oxygen accumu- 
lates in this cavity to support the respiratory 
needs of the larva. No contact is made by the 
larva with the oxygen available in the mantle 
cavity of the snail. Feeding activity seems to 
consist of a series of rasping movements of the 
larval mouthhooks over the flesh of the snail. 
After the first two days the larva increases in 
size very rapidly and soon becomes readily visible 
as an elongate, translucent maggot contrasting 
quite strongly with the darker body of the snail. 

After being invaded by the larva the snail 
remains active for three or four days without 
much visible sign of distress. It continues to 
feed and move about normally. At the end 
of four days, however, the snail becomes highly 
inactive, retracts somewhat into its shell and 
frequently attaches itself by a mucous secretion 
to the substrate (usually a Typha leaf in nature). 
After still another day it shows signs of life only 
by the waves of fine tremblings that pass over 
the now completely retracted foot. At the end 
of seven or eight days death of the snail occurs 
and decay of the remaining flesh begins. Appar- 
ently death occurs at about the time the larva 
molts into the third instar. 

Even after the snail dies the larva continues 
to feed on the decaying flesh and quickly reduces 
it to a black, highly odoriferous liquid. However, 
the relationship of the larva to the snail host is 
that of a parasitoid even though the larva com- 
pletes its larval life as a saprophagous form. 
Only a single snail is normally consumed by a 
larva during the course of its development. In 
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the laboratory a snail frequently died before the 
feeding larva’s posterior spiracles became exposed 
to the air in the aperture. In all such cases the 
larva also succumbed. Probably larval death 
was ultimately caused by the accumulation of 
poisonous decomposition products within the 
snail shell. The larva apparently did not make 
any attempt to reach the air in the aperture and 
was never observed to leave the decomposing 
snail completely. However, if death of the 
snail occurs after exposure of the larval posterior 
spiracles to the air in the aperture the larva 
is little affected, usually completes its develop- 
ment and pupates in the shell. If an egg is laid 
on a small specimen of snail the larva either 
forms an undersized puparium or succumbs to 
lack of food. In no cases did a larva leave one 
snail and attack another although several living 
snails were placed together in the same small dish. 

Pupation.—Approximately 11 days after inva- 
sion of the snail, larval development is completed 
and the fully grown larva prepares to pupate. It 
first eliminates from the gut the remaining food 
material and then reverses itself in the shell so 
that now the posterior spiracles are directed 
towards the apex and the anterior spiracles are 
exposed to the air in the shell’s aperture. The 
larval integument loosens from the underlying 
flesh, rapidly hardens and soon assumes the 
reddish color of the puparium. The belief that 
pupation within the host snail shell is the normal 
situation is supported by the discovery in nature 
of two shells containing well-developed puparia. 
Another bit of evidence is that one larva which 
did pupate away from the snail formed a puparium 
nearly shaped to fit within the aperture of the 
shell. This observation also indicates that the 
shape of the puparium may have become partially 
fixed genetically and may not be completely 
determined only by the peculiar configuration of 
the shell. During the summer months under 
laboratory conditions the pupal stage lasts 
about 20 days. At the end of this period the 
emerging fly pushes apart the dorsal and ventral 
cephalic caps of the anterior end of the puparium 
and escapes. If, however, eggs or early instar 
larvae are collected in late summer and _ fall 
(Sept. 3, 1956), development proceeds up to the 
puparium stage at which time a diapause may 
become operative causing some of the insects to 
pass the winter as young pupae within puparia in 
the snail shells. With the return of warm 
weather in the following spring the diapause is 
broken and development of the pupae continues 
until eventually the adult flies emerge, mate and 
start the cycle over again. From the eggs found 
on living snails collected (Sept. 3, 1956) in nature 
a total of seven puparia were eventually obtained. 
No adult flies emerged from these puparia even 
after 30 days of exposure to room temperatures 
(65°-75° F.). On Nov. 12, 1956, all seven 
puparia were placed in a refrigerator (45° F.) and 


[Vol. 52 


left there until Dec. 28, 1956, (35 days) when 
they were again removed to room temperature. 
No emergence had occurred by Feb. 7, 1957, 
when the puparia were re-examined. Two were 
definitely dead as evidenced by an abundance 
of mold enveloping the puparia. The remaining 
five still appeared good and were then placed 
outdoors in a renewed attempt to break diapause. 
Air temperatures during late February and 
March dropped as low as 10° F. for several days 
at a time. On April 1, 1957, all five puparia 
were returned to room temperatures. On April 24, 
1957, a single female aristalis emerged. No 
further emergence was obtained and the remaining 
four puparia were eventually preserved. The 
environmental factors responsible for the initiation 
of diapause remain unknown. The eight diapaus- 
ing puparia were all reared from eggs collected 
(Sept. 3, 1956) in nature and their subsequen% 
larval development was under the relatively 
stable conditions of the laboratory. If a physical 
environmental factor such as temperature or 
photoperiodism is the cause of the initiation of 
diapause it must be operative either on the egg 
or on the adult insect which deposits the egg. 
The diapause problem is somewhat further 
complicated by the fact that a female collected 
in nature during mid-August laid eggs which 
eventually gave rise to non-diapausing pupae. 
Much more penetrating experimentation will be 
necessary before an understanding of the diapause 
phenomenon in this species can be gained. It 
would seem that two, three or, perhaps, even 
more generations a year are possible in the 
vicinity of Ithaca since the egg to egg period is 
approximately 35 days under laboratory condi- 
tions. In nature this developmental period 
could be considerably lengthened or shortened, 
according to weather conditions. 

Adult behaviour.—As is the case with many 
sciomyzids, there seems to exist in this species a 
short period of time between emergence of 
adults and the occurrence of mating. However, 
no conclusive evidence is available to support 
this assumption. While mating was never ob- 
served until the second day after emergence, no 
continuous observation on the adults was main- 
tained and it is possible that mating occurred 
the first night after emergence. Mating of this 


EXPLANATION OF PLATE I 
Third instar larval structures of S. aristalis. 
(All measurements in mm.) 

Fic. 1.—Lateral view of larva. 

Fic. 2.—Cephalopharyngeal skeleton; PS—pharyngeal 
sclerite, DC-—dorsal cornu, VC—ventral cornu, HS 
hypostomal sclerite, ES—epistomal sclerite, MH 
mouthhook, V—ventral bar. 

Fic. 3.—Anterior spiracle. 

Fic. 4.—Ventral spinule band pattern on abdominal 
segments two through seven. 

Fic. 5.—Posterior spiracular disc. 
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species was observed several times in the rearing 
jars, but I have never observed any sort of a 
prenuptial courtship behaviour on the part of the 
male as has been reported for many other species 
of Diptera. In all observed cases, the male 
assumes a dorsal position astride the female with 
both partners facing in the same direction. The 
anterior tarsi of the male are placed along the 
inner margin of the eyes of the female just 
exterior to the fronto-orbital bristles. The male’s 
middle legs are widely spread and come down 
over the leading edge of the slightly spread 
wings of the female. The male’s hind tarsi are 
loosely placed against the sides of the female’s 
posterior abdominal segments. These hind tarsi, 
however, are frequently moved forward and 
backward and may even be completely freed 
from contact with the female. The duration of 
copulation is quite variable lasting anywhere 
from a few seconds to over an hour in length. 
Copulation is repeated frequently throughout 
the life of the male. 

There seems to be a definite egg maturation 
period existing between the first observed mating 
of the adults and the actual deposition of eggs. 
This interval varied from 2 to 4 days in the 5 
females kept under observation. After this 
apparent maturation period, the female deposits 
eggs more or less continuously over considerable 
periods of time. One reared female remained 
alive for over 2 months in the rearing container, 


and deposited from 1 to 6 eggs daily for the 
first 10 days after oviposition commenced. After 
that, her egg-laying activities were more spas- 
modic, with considerable lapses of time occurring 


between periods of oviposition (intervals of 2 


to 10 days). Records maintained on this reared 
female showed that she laid a total of 36 eggs 
over the two-month period. Two wild-caught 
females deposited 32 and 39 eggs over a 16 day 
period. 

Egg-laying was observed several times in the 
laboratory and a definite behaviour pattern 
could be discerned. The adult female, upon 
contacting the shell of a living Succinea, taps it 
a few times with her fore tarsi while moving 
slowly about on the shell surface. Occasionally 
she undergoes a spinning motion, revolving 
several times in place on the body whorl of the 
shell while gradually moving back to the suture 
separating the last two whorls. This spinning 
activity ceases shortly, with the female coming 
to rest facing away from the apex of the shell. 
Probing movements with the tip of the abdomen 
then occur in the immediate vicinity of the 
suture. This lasts only a few seconds, then the 
ovipositor is exerted and an egg quickly deposited 
in the suture. The fly then leaves the shell or, 
at least, she has not been observed to immediately 
lay another egg on the same shell. Several eggs 
may be deposited in the suture but, apparently, 
only as a result of repeated visits by the ovi- 
positing female. 
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Nothing is known concerning the food of the 
adults in nature. In the laboratory they feed 
readily on a moistened mixture of honey and 
brewer’s yeast. They are very susceptible to 
low moisture content in their immediate environ- 
ment and, in the laboratory, it was necessary to 
water the breeding jars daily. Very little is 
known about the adult. longevity in nature. 
Adults can be found at practically any time 
during the summer, but this could merely indicate 
emergence of successive generations. In the 
breeding jars, the adults lived up to 63 days, but 
most died within a month after emergence from 
puparia. 

Remarks.—It is, of course, quite possible that 
the larvae can develop in species of snails other 
than Succinea ovalis, especially those species 
closely related to the ‘‘normal” host. On one 
occasion, a single living specimen of Oxyloma 
decampi (Tryon) (family Succineidae) was found 
with an egg of S. aristalis attached to the shell 
in the usual manner. This snail is very closely 
related to S. ovalis and frequently occurs together 
with it in the same habitat. It possesses the 
same habit of crawling up on vegetation to 
escape an overly wet substrate. It is, however, 
a much smaller snail and it is doubtful if a single 
specimen could satisfy the nutritional needs of 
the larva. In the case mentioned, the first instar 
larva failed to invade the snail successfully. 
Living specimens of both Succinea avara Say and 
Oxyloma decampi were placed together with 
adult females of arisialis in a breeding jar and 
eggs were deposited on the shells of both species. 
Hatching occurred, but all larvae died without 
successfully invading the snails. Some egg deposi- 
tion was also obtained on specimens of Lymnaea 
palustris (Lymnaeidae), but once again the 
larvae failed to penetrate the snail flesh. No 
eggs were deposited on living snails belonging to 
the families Polygyridae and Endodontidae. 

It seems logical to expect that one snail could 
support only a single larva and, in nature, two 
eggs were rarely found together on the same 
snail. In the single instance in which two larvae 
were found feeding together within a snail, only 
one larva managed to complete its development 
and pupate. The second larva was found dead 


EXPLANATION OF PLATE II 
Third instar larval structures of S. simplex. 
(All measurements in mm.) 
Fic. 6.—Anterior spiracle. 
Fic. 7.—Ventral view of eighth abdominal segment. 
Fic. 8.—Posterior spiracular plate. 
Fic. 9.—Sternal plate and spinule patch on venter of 
first thoracic segment. 
Fic. 10.—Ventral 
segment. 

Fic. 11.—Ventral spinule band pattern on first ab- 
dominal segment. 

Fic. 12.—Ventral spinule band pattern on abdominal 
segments two through seven. 

Fic. 13.—Posterior spiracular disc. 


spinule band on third thoracic 
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within the decaying flesh of the snail, but if it 
was killed by the other larva could not be 
determined. 

Nothing is yet known about the parasites, 
parasitoids, predators and other enemies of the 
immature stages of the fly. A single egg was 
found which had a round hole in the chorion 
reminiscent of the emergence hole of certain egg 
parasitoids of the wasp family Trichogram- 
matidae. I have observed that the eggs of other 
species of sciomyzid flies are attacked by these 
tiny wasps. 


DESCRIPTIONS OF IMMATURE STAGES 

Egg (fig. 15).—Elongate-ovoid, flattened to 
slightly concave on side attached to shell, bluntly 
rounded at both ends; 1.15-1.50 (average 1.29) x 
0.35-0.41 (0.39) mm. (21 eggs examined); chorion 
opaque, light cream color to faintly yellow; 
chorion finely sculptured with reticulate pattern 
of tiny pits and ridges except on the smooth, 
unmarked ends and on the side attached to the 
shell. 

Third larval instar (fig. 1)—Length 12.0 to 
14.5 mm., width 2.8 to 3.2 mm. Color white to 
cream throughout except on blackened posterior 
spiracular plates. Body more or less elongate, 
subcylindrical, tapering anteriorly, obliquely 
truncate posteriorly with spiracular disc margined 
with several rather distinct lobes. Cephalic 


segment with two pairs of one-segmented sensory 
papillae on anterior margin above oral opening, 


these not surrounded basally by blackened 
sclerotized rings. 

Spinule bands mostly restricted to ventral 
creeping welts, no bands completely encircling 
body; spinules in creeping welts small, pale with 
blackened apices; post oral band with well- 
developed spinules, broad ventrally, narrowing 
laterally, absent dorsally, a few small, pale 
spinules lining lateral margins of atrium; first 
thoracic segment without distinct sternal plate 
ventrally, but with small patch of four to eight 
spinules; second thoracic ventral creeping welt 
without well-defined spinule band, only with a 
few widely scattered spinules; third thoracic 
creeping welt with single undivided spinule band 
ventrally, spinules directed posteriorly; first 
abdominal welt with single spinule band laterally, 
dividing ventrally to form two distinct bands, 
spinules in both bands with apices directed 
posteriorly; second through seventh abdominal 
creeping welts with three spinule bands ventrally, 
these bands less separated from each other than 
in S. simplex with spinule-free areas between 
bands narrow (fig. 4), spinules in most anterior 
band of each segment with apices directed 
anteriorly, those of two other bands directed 
posteriorly, eighth abdominal segment with usual 
three bands anteriorly on segment plus narrow 
band just before anal plate. Numerous spinules 
on ventral and ventro-lateral lobes of spiracular 
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disc, also a few spinules dorsad to spiracular 
plates. 

Anterior spiracles circular, shaped more or less 
like a cog wheel with 25 to 28 lobes around 
margins (fig. 3), color slightly yellowish. Posterior 
spiracles with well-developed, densely black 
peritremes, spiracular slits narrow, straight, 
elongate; stigmatic scar circular, included in 
peritreme, but appearing slightly darker in color, 
marginal scars absent. Spiracular disc (fig. 5) 
more or less flattened with two strong, bluntly 
rounded ventral lobes, ventro-lateral lobes shorter; 
lateral, dorso-lateral and dorsal lobes reduced to 
mere tubercules. Anal plate bilobed, colorless. 

Cephalopharyngeal skeleton (fig. 2) well- 
developed, strongly pigmented with black. 
Pharyngeal sclerite with dorsal and _ ventral 
cornua separated posteriorly by deep sinus 
extending forward three-fourths distance to 
anterior margin of sclerite; each ventral cornu 
containing oval, unpigmented window postero- 
dorsally; window also present in each dorsal 
cornu, but considerably narrower and partially 
obscured by pigment; dorsal cornua connected 
dorsally by antero-dorsal bridge; parastomal 
bars very poorly developed, each consisting of 
short prolongation from shallow sinus on anterior 
border of pharyngeal sclerite, this prolongation 
barely reaching posterior margin of hypostomal 
sclerite. Hypostornal sclerite free anteriorly and 
posteriorly from adjacent sclerites, somewhat 
‘““H”’-shaped, but with anterior arms about twice 
length of posterior arms, crossbar solidly pig- 
mented, without window. Epistomal sclerite 
weakly pigmented, immediately dorsad to and 
in close contact with hypostomal sclerite, consist- 
ing of central arch indented on each side anteriorly 
and with projection extending posteriorly on 
either side, these flattened rods reaching crossbar 
of hypostomal sclerite. Mouthhooks well-devel- 
oped, strongly pigmented, bridged postero-dorsally 
by narrow bar; basal piece without teeth on 
anterior margin, with small oval foramen anteri- 
orly. Ventral bar present below antero-ventral 
margin of basal piece, free laterally from mouth- 
hooks, consisting of flattened arch extending 
ventrally across space between mouthhooks and 
long narrow rod projecting posteriorly from each 
side of bar; teeth present along anterior margin 
of bar, fading out laterally. 

Puparium (fig. 17).—Length 5.2 to 6.9 mm., 
width 2.8 to 4.2 mm. Color shining reddish- 
brown, darker brown to black on dorsum of 
anterior half, fading to light reddish-yellow 
or brown posteriorly; venter mostly reddish- 
yellow, dark reddish-brown to nearly black 
anteriorly. Shape somewhat affected by position 
in snail shell; posterior three or four segments 
strongly twisted dorsally and to the left, strong 
crease extending obliquely across dorsum of 
posterior two to four segments where puparium 
was in close contact with shell columella; puparium 
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(All measurements in mm.) 


Living Succinea ovalis snail showing egg of S. aristalis attached to shell 
Enlarged view of aristalis egg. 

Puparium of aristalis within S. ovalis shell. 

Dorsal view of puparium of S. aristalis. 

Puparium of S. dryomyzina. 

Puparium of S. simplex. 
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strongly flattened dorso-ventrally on anterior 
four or five segments, swollen ventrally. Anterior 
spiracles dorsal, well removed from anterior 
margin of first segment; circular; light reddish- 
brown in color, darker centrally with numerous 
small black spots; narrow gap in marginal lobing 
posteriorly; spiracular disc with only ventral 
lobes conspicuous, these appressed to puparium 
and not strongly protruding; other lobes barely 
perceptible. Spiracular plate solidly black except 
for yellowish spiracular slits, stigmatic scars not 
appearing lighter. Ventral spinule band pattern 
as described for larva, spinules pale with darker 
apices. No sternal plate or blackened tubercle 
patch on first segment ventrally. Anal plate 
reddish-brown to blackish, slightly sunken below 
general surface of puparium. 


Sciomyza dryomyzina Zetterstedt 

A search of the literature produced a single 
reference dealing with the life history of this 
species. Berg (1953) discovered that the larvae 
attack and destroy living snails belonging to the 
genus Oxyloma. He collected approximately 300 
living Oxyloma decampi gouldi Pilsbry from an 
Equisetum marsh located in the Matanuska 
Valley of Alaska. These were set up in clean, 
dry finger bowls. A few days later he noticed 
that a few of snails were dead, and closer examina- 
tion of the containers revealed the presence of two 
fly puparia. One of these puparia eventually 
produced an adult of S. dryomyzina. Unfortu- 
nately Dr. Berg was unable to carry out further 
investigations into the biology of the species, and 
life history data remain quite meagre. It is 
apparent from Berg’s rearing that the larvae 
invade and eventually consume living snails, but 
whether the relationship to the snail is a parasitoid 
or a predacious one remains unknown. Berg 
informs me that the Oxyloma snails were very 
abundant in the marsh and had the usual habit 
of crawling up onto vegetation. 

S. dryomyzina is widespread in the Palaearctic 
Region, but is known only from Alaska in North 
America. Both dryomyzina and simplex occur 
together in the same habitats in Alaska (Berg, 
personal communication) and both are now 
known to attack living Oxyloma snails. 

Puparium (fig. 18)—Length 5.2 mm., width 
2.0 mm. Color dull to subshining light reddish- 
brown, slightly darker on‘ spiracular disc. Shape 
basically cylindrical, not distinctly truncate 
posteriorly, but with spiracular disc somewhat 
elongate; puparium narrowed anteriorly and 
somewhat flattened dorsoventrally to form lateral 
ridges on cephalic caps. Anterior spiracles dis- 
tinctly lateral in position on ridge of first apparent 
segment, on short peduncles, narrowed antero- 
posteriorly giving somewhat rectangular appear- 
ance to spiracle; color more or less uniform 
reddish-yellow, darker centrally, with numerous 
small black spots; narrow gap present posteriorly 
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in marginal lobing; 24 to 26 marginal lobes. 
Lobing around spiracular disc reduced; ventral 
lobes most noticeable, these not closely approxi- 
mated medially, but divergent; ventro-lateral 
lobes subequal to ventrals, narrower; remaining 
lobes barely perceptible; spiracular disc not 
subtended ventrally by shelf formed by ventral 
lobing, spiracles thus visible when puparium is 
viewed ventrally; spiracular peritremes yellowish, 
interslit areas black, slits and stigmatic scars 
more yellowish. Ventral spinule band pattern 
as described for S. aristalis, spinules pale with 
blackened apices; ventral sternal plate and 
blackened tubercle patch absent. Anal plate 
blackish. 


Sciomyza simplex Fallén 

There is a single reference in the literature 
concerned with the biology of this species. 
Lundbeck (1923) published a short description 
of the discovery of the puparium of Bischofia 
(equals Sciomyza) simplex during the spring 
months in flood refuse bordering lakes and 
marshes in Denmark. He also collected a single 
puparium in October which produced an adult 
fly in a heated room 24 days later. The puparium 
is very briefly described as being somewhat 
cylindrical, slightly attenuated at each end and 
blackish-brown in color. The puparia were 
completely free of any snail. 

This species shows a Holarctic distribution 
being found throughout northern Europe and 
northwestern North America. In this continent, 
it is known from the following states and 
provinces: Michigan, Wisconsin, Iowa, North 
Dakota, Montana, Oregon, Washington, Alberta, 
Manitoba, Alaska (Steyskal, personal communica- 
tion). It is thus seen to be mainly western and 
northern in distribution and has not been recorded 
east of Michigan. 5S. aristalis apparently replaces 
it in the northeastern portion of the country. 

I have never collected this species in the field 
and must, therefore, depend on the observations 
of other collectors concerning the ecological 
distribution of the flies. Berg informs me that it 
was a fairly common species in an Equisetum 
marsh in the Matanuska Valley of Alaska. Later 
he collected adults on July 2, 1957, near Ft. 
Yates, North Dakota. These flies were swept 
from a marshy situation bordering a sluggish 
stream margined with a lush growth of water- 
loving grasses and sedges. Mr. Stuart E. Neff 
also collected this species recently (July 4, 1957) 
by sweeping the margins of a shallow lake 
bordered by a fairly wide band of Scirpus spp. 
growing in a few inches of water. This lake 
(Lake Emma) is located near Prince Albert 
National Park, Saskatchewan, Canada. These 
three collecting records, all from widely scattered 
localities, definitely indicate that S. simplex is a 
dweller in the more open marshes containing 
herbaceous vegetation. This is in distinct con- 
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trast to S. aristalis which prefers well-shaded 
floodplain woods. It is now known that simplex 
larvae attack and destroy living snails of the 
genus Oxyloma,-and both Dr. Berg and Mr. Neff 
inform me that specimens of Oxyloma were so 
abundant in the marshes where the adult flies 
were collected that while sweeping for flies they 
frequently would pick up several snails in the net. 


LIFE HISTORY 

Eggs.—Eggs of this species were first obtained 
on July 16, 1957 when Neff returned to Ithaca 
from western Canada. He collected adult flies 
on July 4, 1957, and confined them in a jar for 
transportation back to Ithaca. A single male 
fly was still alive when Ithaca was finally reached, 
but on the stems and leaves of a moss placed 
in the bottom of the jar were 16 eggs and two 
very recently-hatched larvae. The eggs were 
loosely attached to the moss and were easily 
removed to small stender dishes. They were 
scattered over the surface of the moss and no 
distinct clusters could be discerned. A few living 
snails of the genus Lymnaea were also in the jar, 
but no eggs were found attached to their shells. I 
feel that in nature the female merely deposits her 
eggs in the immediate neighborhood of the snail 
host and that the larvae then must seek out and 
invade the snail. 

No information is available as to the length 
of the incubation period except that it must be 
less than 14 days as all eggs had hatched by 
July 18, 1957 (they were laid between July 4 and 
July 16). The newly emerged first instar larva 
is quite active and moves about in an apparent 
search for food. Hatching occurs through one 
end of the egg. 

Larval habits —Because larvae of S. aristalis 
and dryomyzina were known to attack living 
snails of the family Succineidae, it was decided 
to present to the recently hatched larvae living 
snails belonging to the genera Succinea and 
Oxyloma. Two larvae were placed on the shell 
of Succinea ovalis Say, but these failed to invade 
the snail and were eventually lost. In two other 
rearing dishes larvae were placed with specimens 
of Oxyloma decampi (Tryon), and these snails 
were quickly attacked and overcome by the 
larvae. The larvae do not move up onto the 
flesh under the shell as is the case with aristalis 
larvae, but merely remain at the shell aperature 
feeding on the exposed flesh. As many as four 
larvae were seen feeding on a single snail. 
Frequently a larva would insert its body into the 
flesh of the snail, but always remained with at 
least the posterior spiracles exposed to the air 
in the aperture. From the rearing, it seems that 
the relationship of the larva to the snail is more 
or less of a predacious nature. Certainly, in the 
rearing dishes, the larvae moved readily from a 
dead and decaying snail to an active, living one. 
It was also observed that the larvae did not 
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remain long with a dead snail once decay had 
progressed to any extent and, therefore, did 
comparatively little saprophagous feeding. 

Some information is available concerning the 
length of time spent in the three larval instars. 
Larvae which hatched on July 16 were in the 
second instar by July 18, giving a first larval 
stadium lasting only 2 to 3 days. Some of these 
second instar larvae molted into the third instar 
on July 20 and the remainder on July 21, thus 
giving a second instar stadium lasting from 
2 to 4 days. Only three puparia were obtained. 
One was formed on July 25, another on July 26, 
and the third on July 27. This would indicate 
that the third larval stadium lasts about 6 days. 
The total time spent as a larva did not exceed 
12 days. 

The snail, when first attacked by the larvae, 
gives off copious amounts of mucus and throws 
its foot around violently. Usually these defensive 
measures on the part of the snail are unsuccessful, 
and the larvae quickly begin feeding on the 
exposed flesh. After about 6 hours, the snail 
becomes inactive, retracts somewhat into its 
shell, and may attach itself to the substrate by a 
mucous secretion. Death of the snail follows 
within 24 hours or less depending, in part, on the 
number of larvae present. The snail flesh 
decays quite rapidly, once death has occurred, 
and soon reduces to a highly odoriferous liquid. 
However, the larvae leave the carcass before this 
stage is reached. 

Pupation.—Approximately 11 to 12 days after 
hatching, the larva is fully grown and prepares 
to pupate. It leaves the snail upon which it is 
feeding, empties the remaining gut contents and, 
in the rearing dishes, at least, moves down into 
the moist sphagnum moss used as a substrate. 
The larva becomes shortened in length, thickens 
and loses the typical appearance of a dipterous 
maggot. The integument loosens from the under- 
lying flesh, quickly hardens and assumes the deep 
reddish-brown color of the puparium. In all 
three cases where pupation was obtained, the 
puparium was formed away from the snail host. 
The puparium is basically barrel-shaped and 
definitely not adapted to fit within the aperture 
of an Oxyloma snail. The posterior spiracles are 
not directed dorsally, indicating that the puparium 
is not adapted to float at the water’s surface. If 
a puparium is placed in water, the posterior 
spiracles are submerged. In nature pupation 
probably takes place in the moist soil bordering 
the marsh. 

Only a single adult emerged from the three 
puparia. A male emerged on August 5, 1957, 
from a puparium formed on July 25, 1957, thus 
giving a pupal period of about 10 days. Emergence 
of the adult occurs in the usual manner, with the 
dorsal and ventral caps of the anterior end of the 
puparium being split apart along a line of 
weakness. 
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No emergence was obtained from the remaining 
two puparia even after 40 days of exposure to 
room temperature conditions. These puparia 
were examined on September 15, 1957, and showed 
no mold or other evidences of death. It was 
believed that a diapause had become operative 
and, in an attempt to break the possible diapause, 
the two puparia were placed under refrigeration 
at a temperature of 45° F. for 66 days. They 
were again removed to room temperatures (65° to 
75° F.) on November 21, 1957. No emergence 
had occurred by December 20, 1957, and the 
experiment was terminated when a heavy growth 
of mold enveloped the puparia, indicating that 
death of the pupae had occurred. 

Adult behaviour.—Practically nothing is known 
about the activities of the adult flies in nature. 
The single male collected in western Canada by 
Mr. Neff remained alive in the breeding jar 
only 18 days. No information is available 
concerning mating habits and egg-laying behav- 
iour. The adults fed readily in the laboratory 
on a mixture of brewer’s yeast and. honey. 


Remarks.—The natural food of the larvae 


remains unknown, although it is confidently felt 
that it is one or more species of Oxyloma snails. 
The discovery by Lundbeck (1923) of puparia 
during the early spring indicates that in Europe, 
at least, the winter is passed as a quiescent or 
diapausing pupa within the puparium. 


The 
puparium has not been collected in the field in 
this country. No information is yet available 
concerning the possible predatory and parasitoid 
enemies of the immature stages. 


DESCRIPTION OF IMMATURE STAGES 


Eggs.—Elongate ovoid, rounded at both ends; 
1.1-1.3 x 0.31-0.36 mm. (three eggs examined); 
chorion opaque, white in color; chorion uniformly 
finely reticulate, pits shallow, elongate, sub- 
rectangular, reticulations absent on extreme 
apices of egg. 

Third larval instar.—Length 7.5 to 8.0 mm., 
width 1.2 to 14 mm. Color white to cream 
except for darkened post spiracular plates and 
ventral spinule bands. Body elongate, sub- 
cylindrical, tapering anteriorly, truncate poste- 
riorly with terminal segment margined with ten 
more or less distinct lobes. Cephalic segment 
with two pairs of one-segmented sensory papillae 
dorsad to atrium, both pairs surrounded basally 
by blackened sclerotized rings; ventral papillae 
with basal rings incomplete on antero-dorsal 
side; dorsal papillae with rings complete. 

Spinules mostly restricted to ventral creeping 
welts, spinules black, conspicuous, post-oral 
spinule band broad ventrally, narrowing laterally, 
fading out dorso-laterally, narrow row of pale 
spinules border lateral margins of atrium; first 
thoracic segment with distinct sternal plate, 
brown to black in color, preceeded anteriorly by 
conspicuous patch of very heavy, stubby, densely 
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black tubercles (fig. 9); second thoracic ventral 
creeping welt without distinct band of spinules, 
a few scattered spinules may be present; third 
thoracic segment with single, undivided spinule 
band ventrally (fig. 10); first abdominal segment 
with single band laterally which divides ventrally 
into two distinct bands separated by narrow, 
spinule-free area as in S. aristalis (fig. 11); second 
through seventh abdominal creeping welts with 
three bands ventrally (fig. 12), these separated 
from each other by distinct, spinule-free areas 
which are somewhat wider than in S. aristalis, 
spinules in each anterior band with apices directed 
anteriorly, those of following two bands directed 
posteriorly, second through seventh segment also 
with small patch of spinules on sides of body just 
anterior to spinule band, this patch fading out 
on seventh segment; eighth abdominal segment 
with usual three bands anteriorly plus narrow, 
undivided band just before anal plate (fig. 7). 
Numerous spinules on ventral and _ posterior 
surfaces of ventral lobes of spiracular disc, 
spinules smaller, less heavily pigmented on 
dorsal surfaces and on other lobes surrounding 
disc, small group of darker spinules dorsad to 
posterior spiracles. 

Anterior spiracles (fig. 6) yellowish, shaped 
like a cog wheel with approximately 32 marginal 
lobes. Posterior spiracles (fig. 8) surrounded by 
fairly wide, brown peritremes; spiracular slits 
as in S. aristalis, stigmatic scar circular, lighter 
in color, marginal, circular scars present on 
either side of spiracular slits. Posterior spiracles, 
on the whole, considerably lighter in color than 
those of S. aristalis. Spiracular disc flattened 
with ten marginal lobes (fig. 13); ventral lobes 
strong, bluntly rounded; ventro-lateral lobes 
narrower; lateral lobes shorter, but distinct, 
slightly turned apically towards ventro-laterals; 
dorso-laterals short, rounded; dorsals reduced to 
slight protuberences. 

Cephalopharyngeal skeleton very similar to 
that of S. aristalis, but with following differences: 
hypostomal sclerite with posterior arms very 
short, projecting only slightly from crossbar; 
mouthhook without oval foramen, but with two 
or three very small fenestrae anteriorly; ventral 
bar without flattened rods projecting posteriorly. 

Puparium (fig. 19).—Length 5.4 to 6.3 mm., 
width 2.4 to 2.6 mm. Color shining reddish- 
brown, darker on posterior spiracular disc. 
Shape basically cylindrical, more or less truncate 
posteriorly, spiracular disc not elongate and not 
turned dorsally; puparium narrowed anteriorly 
and somewhat flattened dorso-ventrally to form 
lateral ridges on cephalic caps. Anterior spiracles 
dorsal in position, very close to anterior margin 
of first apparent segment; nearly circular in 
shape; color reddish-brown, marginal lobes more 
yellowish, numerous black spots centrally; mar- 
ginal lobing absent posteriorly leaving narrow 
gap; 30-33 marginal lobes. Lobing around 





1959] Foote: 
spiracular disc reduced over that of larva; 
ventral lobes blunt and broad, closely approxi- 
mated medially; ventro-laterals most prominent, 
narrow; remaining lobes greatly reduced; spi- 
racular disc subtended ventrally by shelf formed 
by ventral and ventro-latera! lobes, spiracles 
thus not visible when puparium is viewed 
ventrally; spiracular peritremes brownish, slits 
and stigmatic scars more yellowish. Ventral 
spinule band pattern as described for third instar 
larva, spinules strong, black in color; sternal 
plate present on venter of first apparent segment, 
brown to black in color, proceeded by blackened 
tubercle patch. Anal plate blackish. 


Sciomyza varia (Coquillet) 

Of the four Nearctic species of the genus 
Sciomyza, varia is the least known biologically. 
It is a very rare species and is poorly represented 
in museum collections. No reference to any 
phase of its biology could be discovered in the 
literature. It is apparently restricted in distribu- 
tion to the Nearctic Region and Steyskal (personal 
communication) reports it from the following 
states and provinces: Michigan, Ontario, Quebec. 
Two specimens in the Canadian National 
Museum were collected in the province of 
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Saskatchewan. Unfortunately no habitat data 
was recorded on any of the locality labels pinned 
with the specimens. 
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THE CLASSIFICATION OF THE EPHEMEROPTERA 
I. EPHEMEROIDEA: BEHNINGIIDAE'! 


GEORGE F. EDMUNDS, JR.? ano JAY R. TRAVER? 


ABSTRACT 


The two previously known Old-World species of 
Behningia are reviewed. B.ulmeri Lestage is known from 
2 nymphs from the Volga River of Russia, B. lestage1 
Motas and Becesco from 1 nymph from the Dniester 
River in Moldavian S.S.R. and 3 from the Warta River 
in Poland. The 2 adult males, 1 nymph, and 4 nymphal 
exuviae from the lower Amur River of Eastern Siberia, 
which Tshernova earlier referred doubtfully to B. ulmeri, 
are placed in B. tshernovae, n. sp. The first American 


The mayfly family Behningiidae is one of the 
rarest and least known families of mayflies. The 
first known representative of the group was 
described by Georg Ulmer (1924) from two 
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representative of the family, Dolania americana, is de- 
scribed from four nymphs from the Savannah River and 
its tributaries in South Carolina. All these nymphs have 
remarkable adaptive features for burrowing in sand. The 
Behningiidae seem derived from potamanthid-like ances- 
tors, and pertain to the superfamily Ephemeroidea. A 
new subfamily, Anepeorinae, is erected for the heptageniid 
genus Anepeorus whose nymphs, like those of Behningiidae, 
have truly ventral gills. 


mature nymphs (one male, one female) col- 
lected June, 1922, in the Volga River by A. 
Behning. The mayfly was not named. Figures 
were given of the dorsal view of the whole nymph, 
antenna, developing genitalia of the male nymph, 
mouthparts, gills one and two, legs, and venation 
of the nymphal wing pad. Principally because of 
the incipient wing venation, Ulmer thought the 
nymph might be allied to the Oligoneuriidae, 
although he noted that the developing male 
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genitalia resembled those of Ephoron (= Poly- 
milarcys). Lestage (1929) named the nymph 
Behningia ulmeri, thus honoring both the dis- 
coverer and the describer. Little was added 
except to note the similarity of the gills to the 
Ephemeroidea, particularly Potamanthidae, to 
remark upon the unique combination of charac- 
ters, and to suggest inclusion of the form in the 
Ephemeroidea. 

In 1938, two papers of importance added to 
the knowledge of the genus. Motas and Bacesco 
described a female nymph of the genus from the 
Dniester River of Roumania (now Moldavian 


americana, dorsal view of female 


Gills not figured. 


Fic. 1.—Dolania 
nymph, holotype. 


S.S.R.). They gave dorsal and ventral views of 
the nymph, and named it Behningia lestagei. 
Noting the unique combination of characters, 
they erected for the genus Behningia a separate 
family Behningiidae. 

Tshernova (1938) reported a female nymph 
from the lower Amur River which she attributed 
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with question to Behningia ulmeri, and also 
described two adult males which she thought 
were the same species as the Amur nymph. She 
noted a large number of characters common to 
the adult and nymph, of which the primary ones 
were the same postion of the ocelli on the pos- 
terior border of the head, the feeble legs of like 
structure, and the similarity between the genitalia 
of her male specimens and those figured for the 
developing nymph by Ulmer (op. cit.). She gave 
the figures of the adult which we have reproduced 
in this paper, and independently concluded from 
her material that the genus should be placed in a 
separate family, Behningiidae. We had been 
uncertain as to which of the two proposals of 
the family name had priority, but Dr. Tshernova 
(in letter) has informed us that the paper by 
Motas and Bacesco was published in January, 
1938, and her own paper in April, 1938. 

Later in this same year Lestage (1938) reviewed 
the genus and placed Behningia as a highly 
specialized nymph of the Oligoneuriidae, thus 
reducing the name Behningiidae to synonymy. 
Motas and Bacesco (1940) again reviewed the 
affinities of the genus and decided that Behningia 
deserved at least its own subfamily, Behningiinae, 
within the Oligoneuriidae. They repeated the 
earlier figures of B. lestagei and added the figures 
which we have reproduced here (figs. 13-21), as 
well as figures of gills one and two. Wesenberg- 
Lund (1943) has reproduced the dorsal and 
lateral views of the nymph of B. lestagei provided 
by Motas and Bacesco. 

Tshernova (1952) gave notes and figures of the 
Amur nymph which she had previously referred 
with doubt to B. ulmeri, and recorded the col- 
lection of four cast nymphal exuvia from the 
Amur River. She also gave a table of comparison 
between the true B. ulmeri (of the Volga) and 
the Amur specimens doubtfully referred to that 
species. 

Demoulin (1952) again reviewed the syste- 
matic position of Behningia and decided that it 
merits a separate family, Behningiidae, having 
common origin with the families Oligoneuriidae 
and Palingeniidae but greater affinities with the 
latter. Edmunds and Traver (1954) recognized 
family rank for the Behningiidae and included it 
within the Ephemeroidea, the same superfamily 
which contains the Palingeniidae, but placed it 
nearest the Potamanthidae; the Oligoneuriidae 
were placed in the superfamily Heptagenioidea. 
Demoulin (1955a) reaffirmed his views of the 
relationship of the Behningiidae and Palingen- 
iidae, regarding the two families as having stemmed 
from the fossil family Mesephemeridae and con- 
sidering the Oligoneurilidae as more remotely 
related. He has also published (1955c) a note in 
which he considers the possibility that the ventral 
gill position of Behningia is primitive rather than 
specialized. Keffermiller (1957) reported the 
collection of three young nymphs of B. lestagei 
from the Warta River of Poland. 
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/ 


Fics. 2-11.—Dolania americana, paratype nymph. ventral, showing insertion of antenna. Fic. 7. Gill 
Fic. 2. Abdomen, ventral, showing gills one and four. two. Fic. 8. Labrum. Fic. 9. Labium, with left 
Fic. 3. Prothoracic leg. Fic. 4. Mesothoracic leg palpus, ventral. Fic. 10a. Mandible; b. outline to 
Fic. 5. Metathoracic leg. Fic. 6. Right side of head, same scale as other mouthparts. Fic. 11. Maxilla. 
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In 1951 and 1952 Mr. Thomas Dolan, IV, 
collected five nymphs of Behningiidae from the 
Savannah River and its tributaries in South 
Carolina. (One of the nymphs could not be 
located for the present study.) These were for- 
warded to us for study. We advised Mr. 
Dolan to publish his find, but the press of his 
other duties prevented this and he later turned 
the material back to us with permission to publish 
the data. Demoulin (1955b) has indicated the 
presence of the family Behningiidae in North 
America from information contained in letters to 
him from Dolan and Edmunds. We feel certain 
that this North American form deserved generic 
rank, distinct from the Eurasian genus. 


Genus Dolania, new genus 

Adult.—Unknown, except for the wing vena- 
tion as determined from the nymph (figs. 31, 32). 

Nymph (figs. 1-11).—Outer edge of mandibles 
sharply curved inward apically, a distinct spine 
present below the inner canine (fig. 10); maxillary 
galea-lacinia about one-third as wide as long 
(fig. 11); glossae of labium not fused; paraglossae 
wide, short and broadly attached to mentum 
(fig. 9). The short tibia of the metathoracic leg 
cylindrical and tarsus-like, as long as_ broad, 
coxa at least 44 as long as femur; tarsus only 
slightly longer than femur (fig. 5). 

The genotype is the following species. 


Dolania americana, new species 

Nymph (fig. 1).—Length: body, 13; tails 7. 
General color light yellowish brown dorsally, 
yellowish white ventrally, with numerous dark 
goldenbrown hairs and spines (figs. 1, 2). Dor- 
sum of head light yellowish brown, yellowish 
white ventrally, crown of spines dark-golden- 
brown; eyes and ocelli gray. Thoracic notum 
light yellowish brown, with paler pattern as indi- 
cated in figure 1, posterolateral flanges of prono- 
tum paler. Prothoracic legs white with light 
yellowish brown setae (fig. 3). Mesothoracic and 
metathoracic legs yellowish white with brown 
articulation points and dark golden-brown setae 
and spines; some of spine-like setae on the legs 
vary according to the age of the nymph, being 
more tuberculate in older specimens (figs. 4, 5). 
Dorsum of abdomen yellowish brown; the lateral 
setae dark golden-brown (fig. 1). The sternites 
(fig. 2) pale with dark golden-brown setae; the 
point of insertion of each gill marked with a 
black tranverse streak. Gills pale, trachea unpig- 
mented (figs. 2, 7). Cerci and terminal filament 
pale; pale setae occur on the medial edges of the 
cerci and both sides of the terminal filament 
except at the base, and on the outer edges of 
cerci in the apical half. 

Holotype-—Female nymph, South Carolina, 
Upper Three Runs, 25 miles S. Aiken (near 1952 
location of Highway S. C. 28), 1951, Thomas 
Dolan, IV, and S. S. Roback, deposited in 
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Academy of Natural Sciences of Philadelphia. 
Paratypes, female nymph, South Carolina, Savan- 
nah River, 8 miles above Allendale Bridge, 1952, 
Dolan and Roback, in University of Utah; young 
(male?) nymph, South Carolina, Savannah River, 
groins above former site of Ellenton on the 
Aiken-Barnwell county border,9-VII-1951, Dolan, 
in Academy of Natural Sciences of Philadelphia; 
young (female?) nymph, South Carolina, Upper 
Three Runs near former site of Ellenton, 9-VII- 
1951, Dolan, in collection of Jay R. Traver 
(on slides). 


Genus Behningia Lestage 

Imago.—Eyes simple, ocelli behind the eyes on 
the posterior edge of the head (fig. 29). The con- 
cave and convex veins of the disc of the fore-wing 
form geminate pairs (see fig. 24). Legs obsolescent 
(figs. 26-28), tarsal segments of prothoracic legs 
fused; the meso- and metathoracic legs reduced 
in size; tibiae and tarsi of mesothoracic legs fused. 
Forceps of male one-segmented; penes extend 
well beyond the forceps (fig. 30). Cerci long; 
median filament short. 

Nymph.—Outer edge of mandible (fig. 18) 
sinuate, gently curved inward apically, no spine 
present below canines; maxillary galea-lacinia 
ovoid (fig. 17); glossae of labium (figs. 22, 23) 
fused to form an hexagonal plate, the paraglossae 
long and narrow. The tibia of the metathoracic 
leg (fig. 13) much shorter than broad; the coxae 
about half as long as femur; the tarsus more 
than twice as long as femur. 


Behningia ulmeri Lestage 
(Without name) Ulmer, 1924: 3-7, 6 figs. 
Behningia ulmeri Lestage, 1929: 436. 
This species was described and figured by 


Ulmer, and named by Lestage. We have redrawn 
Ulmer’s figure of the labium (fig. 22). 

Distribution and Material.—Volga River, by 
Myschkin (70 km. above Rybinsk), Russia, 23- 
VI-1922, A. Behning; two mature nymphs, one 
male, one female. 


Behningia lestagei Motas and Bacesco 
Behningia lestagei Motas and Bacesco, 1938: 25-29, 2 
figs.; Motas and Bacesco, 1940: 78-90, 4 figs., 1 pl.; 

Wesenberg-Lund, 1943: 37, figs. 21-22; Keffermiller, 

1957: 255. 

This species has been adequately described 
and discussed by Motas and Bacesco (1938, 1940). 
We have copied the drawings of the dorsal and 
lateral views (figs. 20, 21), the mouthparts (figs. 
16-19), and the legs (figs. 13-15) of this species 
from their 1940 paper. 

Distribution and Material—Moldavian S. S. R. 
(formerly Roumania), Dniester River, Vadul lui 
Voda, 18 km. E. Kishinev (Dep. de Lapusna), 
9-VI-1936, M. Bacesco; one female nymph. 
Poland, River Warta, Prov. Poznam, distr. Konin, 
4-VITI-1955, M. Keffermtller; three young 
nymphs. 
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Behningia tshernovae, new species 
Behningia ulmeri Lestage (?), Tshernova, 1938: 129-37, 

4 figs.; Tshernova, 1952: 248-50, figs. 20-24. 

This species is the only member of the family 
known in the imago stage (Tshernova, 1938). 
The nymphal stage is partially described by 
Tshernova (1952) and is compared in a table with 
B. ulmeri Lestage of the Volga. Both adult and 
nymph are questionably referred to B. ulmeri. 
The nymph of Behningia tshernovae from the 


Fics. 13-23.—Behningia lestagei, female nymph (after 
Motas and Bacesco, 1940, all except 20-21 redrawn). 
Fic. 13. Metathoracic leg. Fic. 14. Mesothoracic 
leg. Fic. 15. Prothoracic leg. Fic. 16. Labrum. 
Fic. 17. Maxilla. Fic. 18. Mandible. Fic. 19. Labial 
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Amur bears more similarity to B. lestagei than to 
B. ulmeri, but also seems to be distinct from the 
latter species. We have redrawn the labium of 
this species (fig. 23). Even though our knowledge 
of Behningia is still fragmentary, continued refer- 
ence of the Amur form to B. ulmeri (which 
obviously it is not) or reference of the specimens 
to B. lestagei (which it also does not seem to be) 
can only lead to confusion. For this reason we 


take pleasure in naming the Amur form for 


palpus. Fic. 20. Lateral view of whole nymph. Fic. 
21. Dorsal view of same. FiG. 22. Behningia ulmeri, 
nymph, labium with one palpus (redrawn from Ulmer, 
1923). Fic. 23. Behningia tshernovae, nymph, labium 
with one palpus (redrawn from Tshernova, 1950). 
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Olga Tshernova. We are designating the male 
(one of two) figured by Tshernova (1938) as the 
type. 

Distribution and Material.—U.5.5S. R., Siberia, 
all from the lower Amur. Two male imagoes, 
mouth of Amur, Litvinzevo, B. K. Soldatov, 21- 
VII-1910; Amur River near Sophijsk, 10-VIII- 
1911, B. K. Soldatov, one nymph; Lower Amur, 
Nameless lake (Besimjamoye Ozero) (probably 
not standing, but flowing water), 28-VII-1946, 
one nymphal skin; at Malmizh, 1-VIII-1947, one 
nymphal skin; 1 km. above upper Tomborsk, 
1-VIII-1946, one nymphal skin; 2 km. above 
village of M. Gorky, 28-VII-1946, one nymphal 
skin. The four nymphal skins are all from 
material collected by the Amur Ichthvological 
Expedition. 


Family BEHNINGIDAE Motas and Bacesco 

Imago.—lt is difficult to characterize the imago 
stage of the Behningiidae because Dolania is 
unknown in this stage. We have briefly charac- 
terized the known adult of Behningia under that 
genus. The only known feature of the adult 
of Dolania is the wing venation (figs. 24, 25), 
and this is strikingly different from that of 
Behningia. One unique feature in the wings of 
both genera is the strong divergence of CuA, 
from CuA, with the intercalary or intercalaries 
paralleling CuA;. The forks of Rs and MA are 


very deep with MA being forked slightly more 


basally than Rs. (The venation of Dolania was 
reconstructed from the nymphal wing pad by 
examining the wing pad under a phase contrast 
microscope. One error inherent in this technique 
results from the fact that the tracheae and 
developing veins are often inseparable, and in 
several instances, particularly at the basal con- 
nections, the tracheae depart from the paths of 
developing veins. Therefore, the wings of Dolania 
may prove to be a little different than interpreted 
in figures 24 and 25.) The divergence of MP» 
and CuA from MP,, which is a characteristic of 
the Ephemeroidea, is seen in wings of both 
genera but more clearly in Dolania. The great 
difference in venation of wings between Behningia 
and Dolania might be regarded as evidence that 
the similarities of the nymphs of the two genera 
are a result of convergence, or that the adult 
referred to Behningia is in reality a species of 
another genus. We feel that the similarities of the 
nymphs are a result of common ancestry, and 
that Tshernova (1938) was correct in referring 
the adult to Behningia. Indeed, the wing vena- 
tion of Behningia is probably derived through 
specialization for speed flight from a wing much 
like that of Dolania. If there were several genera 
with venation intermediate between Dolania and 
Behningia, there would be no problem of classifica- 
tion of these two genera. For those who regard 
venation as some magic key to mayfly classifica- 
tion, the venation of the two genera may seem 
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incongruous, and might even suggest to some that 
a new sub-family is necessary for Dolania. 

Nymph (figs. 1-23).—Head flattened, the 
antennae inserted ventrally (fig. 6); the anterior 
margin with a pair of patches of spines and setae; 
three ocelli present; labrum emarginate medially ; 
mandibles small, without a mandibular tusk; 
galea-lacinia of maxilla terminating in a spine, 
palpi three-segmented; labium with large three- 
segmented palpi. Anterolateral corners of pro- 
notum produced and crowned with spines, the 
posterolateral corners produced; prothoracic legs 
palp-like; mesothoraic legs highly modified, the 
tibia and tarsus forming a spinous pad; meta- 
thoracic legs highly modified; all legs without 
claws. Abdominal tergites with dense, laterally 
extended setae and a row of setae on the pos- 
terior margin of each segment; sternites with 
setae; gills on segments one to seven, carried in a 
ventral position; all gills with fringed margins, 
the first gill single, the others with two branches. 
(In Dolania, young nymphs have gill one shorter 
than the gills of the middle segments, but in 
mature nymphs gills one is /onger than the middle 
gills.) Cerci variable in length, the median fila- 
ment as long as or nearly as long as the cerci. 

Systematic Position.—The systematic position 
of the family Behningiidae within the Ephemerop- 
tera continues to remain uncertain, but the 
discovery of Dolania has clarified it somewhat, 
and the discovery of the adult of this genus will 
undoubtedly be of further aid. 

The adult of Behningia and the incipient wing 
venation of the Dolania adult as seen in the 
nymph give some clues as to the relationship. 
The rearward sag of MP, and CuA, which is the 
classic trait of the Ephemeroidea (but also found 
in the Neophemeridae, superfamily Caenoidea 
as delimited by Edmunds and Traver, 1954), is 
present in the wings of both genera, indicating 
the affinity to other Ephemeroidea. We do not 
agree with Demoulin (1952, etc.) that the wing 
venation is evidence of a close relationship of 
Behningiidae to the Palingeniidae and to the 
Oligoneuriidae. Edmunds and Traver (1954b) 
have maintained that the reduction in venaticn 
and the gemination of veins is an adaptation for 
speed flight, and we have been, and remain, of 
the opinion that the reduction and gemination of 
veins in Oligoneuriidae, Palingentidae, and 
Behningiidae represents three distinct phyletic 
lines. Our reasons for this opinion are based on 
‘wo impressive facts. First, the occurrence of 
wings with very little or no gemination of veins 
in all three families (7.e., Palingenia longicauda 
Olivier in the Palingeniidae, Pseudoligoneuria 


feuerborni Ulmer and/or Chromarcys magnifica 


Navas in the Oligoneuriidae, and Dolania ameri- 
cana in the Behningiidae) indicates that the 
gemination of veins has originated afler the 
separation of the three families rather than in a 
common ancestor, unless one is to assume separate 
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evolutions to the non-geminate form in each 
family. Secondly, the diverse nymphal forms in 
each of these three families give no hint of close 
affinity; the differences are seen not only in adap- 
tive structures but in basic conservative features. 

Despite the adaptive features illustrated among 
the Oligoneuriidae, several features remain strik- 
ingly constant, e.g., the consistent shape of the 
mouthparts, with two-segmented palpi on maxillae 
and labium, the presence of maxillary gills, and 
the presence of long hairs on the forelegs. The 
evidence seems to be reasonably good that the 
Oligoneuriidae arose from the Isonychiinae of the 
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its palpi are more flattened, and the mandibles 
are quite different. The genus Pseudoligoneuria 
is clearly an oligoneurid, but it has so many 
isonychiine features that Ulmer (1939) placed it 
in the family Siphlonuridae. Pseudoligoneuria 
shares the dorsal position of the gill on the first 
segment with /sonychia rather than a ventral 
position as in the other Oligoneuriidae. The 
wing venation appears intermediate between the 
isonychiine and oligoneuriid types, although 
known only from the nymphal wing pad. Per- 
haps Chromarcys is the adult of the nymphal 
Pseudoligoneuria, but even if this is so the figures 


Fics. 24-32.—Adult male of Behningia tshernovae (re- 
drawn from Tshernova, 1938). Fic. 24. Forewing, with 
labels on veins added. Fic. 25. Hindwing. Fic. 26. 
Prothoracic leg. Fic. 27. Mesothoracic leg. Fic. 28. 
Metathoracic leg. Fic. 29. Head and prothorax. Fic. 


family Siphlonuridae. The nymphs of the two 
groups share such common features as the long 
hairs on the forelegs, the presence of maxillary 
gills, and similar abdominal gills in some members 
of both groups (i.e. Jsonychia and all Oligoneu- 
riidae except Homoeoneuria). The mouthparts 
of the Oligoneuriidae are not strikingly different 
from Isonychia; the maxillae are more specialized, 
and the palpi are more flattened, the labium and 


29 \. 


30. Male genitalia. Fics. 31-32. Dolania americana, 
venation of wings as determined ‘rom study of nymphal 
wingpads, dotted portions of veins highly questionable. 
Fic. 31. Forewing. Fic. 32. Hindwing. 


of wing venation of Chromarcys by Navas (1932) 
seem to be of little value. 

The nymphs of Palingeniidae are specialized 
burrowers with no similarity to any oligoneurid, 
but instead share many common features with 
the Polymitarcidae. The nymphs of _ both 
Palingeniidae and Polymitarcidae are specialized 
silt burrowers with very similar mouthparts in 
which the labial and maxillary palpi are two- 
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segmented. The distinction between the nymphal 
stages of Palingeniidae and Asthenopodinae of 
the Polymitarcidae is hardly greater than that 
separating Asthenopodinae from Polymitarcinae 
[Eaton’s (1883-88) figures of the nymphs of 
‘*Palingenia”’ are actually the genera A sthenopus 
or Asthenopodes from Brazil (pl. 25, figs. 20-24) 
and Povilla from Ceylon (pl. 25, figs. 1-19); 
true nymphs of Palingeniidae have been described 
by Schoenemund (1929), Gravely (1920), and 
Tshernova (1952).] 

The nymphs of Behningiidae are so strikingly 
unusual that it is difficult to evaluate their rela- 
tionship. The gills are, except for their ventral 
position, typical of the Ephemeroidea. In fact, 
such gills are remarkably constant in, and 
exclusive to, the Ephemeroidea. We do not 
attach great significance to ventral gill position 
because it appears that abdominal gills of all 
mayflies arise from the pleurae. The difference 
between the lateral gill positions of Potamanthus 
and the ventral position of the gills in Behningia 
is no more significant than the difference between 
the lateral gill positions of Potamanthus and the 
dorsal gill position of Ephemeridae, Polymitarcidae 
or Palingeniidae. All degrees of gill positions can 
be found among the various mayfly genera. In 
regard to Demoulin’s (1955b) supposition that 
the ventral gill position of the family Behningiidae 
is primitive, it is interesting to note that the only 
mayflies with truly ventral abdominal gills 
(Behningia, Dolania, the supposed nymph of 
Anepeorus') are specialized sand-dwellers, in 
which the ventral gill position gives protection 
from the molar action of sand and silt. 

The mouthparts of the Behningiidae are 
reminiscent of some Ephemeroidea, although they 
are extremely specialized, especially in the en- 
larged palpi which are used in burrowing in the 
sand, 

If as we believe, the Behningiidae are authentic 
members of the superfamily Ephemeroidea, one 
might expect that a hypothetical ancestral nymph 
of this family would have approximately the fol- 
lowing features. It would probably have been 
an unspecialized dweller on the surface of a 
sandy bottom, with unmodified legs, mandibles 
with a moderately developed tusk or none at all, 
maxillary and labial palpi three-segmented, and 
with lateral gills of the Ephemeroidea type. 
Such a mayfly nymph would not be expected 
among living forms, but such a form as 
Potamanthus luteus Linn. is probably not too 
unlike the possible ancestor of the Behningiidae. 
Certainly the burrowing Palingeniidae and Poly- 
mitarcidae with specialized fossorial legs, large 
mandibular tusks, two-segmented maxillary and 


‘We believe that Burks (1953) correctly assigned this 
unusual nymph to the genus Aneperous. This genus is 
an authentic heptageniid, but certainly it should be in a 
separate subfamily. Therefore, we propose for it the 
new subfamily Anepeorinae. 
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labial palpi, and dorsal gills give little suggestion 
of either ancestry or close relationship to Behnin- 
giidae. The Ephemeridae are also specialized silt 
burrowers which equally show little suggestion of 
ancestry or relationship to the sand-burrowing 
Behningiidae; however, some members do have 
three-segmented maxillary and labial palpi. The 
more primitive Euthyplociidae are not too unlike 
the probable ancestor of Behningiidae, but they 
have very well developed mandibular tusks. We 
conclude that, among living forms, the primitive 
Potamanthidae with very small mandibular tusks 
are most likely to be the closest living relatives of 
the Behningiidae. 

The following key will serve to distinguish the 
nymphs of the species of Behningiidae. The 
adult stage is described only for Behningia 
tshernovae, new species. 

KEY TO THE SPECIES OF NYMPHS 
OF THE BEHNINGIIDAE 
Coxae of metathoracic legs about four-fifths as 
long as femora (fig. 5); paraglossae broader than 
long (fig. 9) (Dolania, new genus) 
Dolania americana, n. sp. 
Coxae of fetathoracic legs about one-half as long 
as femora (fig. 13); paraglossae much longer than 
broad (figs. 22, 23) (Behningia Lestage)... 2 
Second segment of labial palpi at least two- thirds 
as long as third (fig. 22); Volga River 
Behningia ulmeri Lest: ige 
Second segment of labial palpi less than one-half as 
long as third (figs. 19, 23) ; 3 
First segment of labial palpi shaped as in figure 23; 
Amur River.. Behningia tshernovae, n. sp. 
First segment of labial palpi shaped as in figure 19; 
Dniester and Warta rivers.... 
Behningia lestagei Motas and Bacesco 


BIOLOGY OF THE BEHNINGIIDAE 

The nymphs of Behningiidae are apparently 
adapted for burrowing in sand. In all accounts 
of the family, it appears that the collections were 
made from large rivers or tributaries with sandy 
bottoms. According to Mr. Dolan, one of the 
nymphs of Dolania was collected in silt near the 
stream margin, but the regular habitat for both 
Dolania and Behningia is probably in moderately 
clean sand in fairly swift current. Keffermitller 
(op. cit.) remarks that the nymphs of Behningia 
lestagei were collected “in a place with strong 
current, from sandy bottom at a depth of 1-2 m.” 

Mr. Dolan has kindly supplied us with some 
notes on the behavior of Dolania which were 
given by him at the 15th annual meeting of the 
American Society of Limnology and Oceanog- 
raphy at Ithaca, New York, September 9, 1952. 
We are taking the liberty of publishing some of 
these notes as follows: 

‘In transporting the specimen from the field to 
the laboratory, I was able to observe how well its 
external structure fitted it to its environment. 

“Placed in a gallon bottle of water, the nymph 
immediately swam for the glass bottom and re- 
mained there head-down on a 60° to 70° angle, 
attempting to burrow in. 
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“Placed in a jar half full of sand, it immediately 
disappeared beneath the sand, not to appear 
again until it reached a wall of the bottle. Here 
it traveled along, burrowing in full sight. 

“The forward motion was effected by the bur- 
rowing action of fore legs, and elongated labial 
and maxillary palpi. These extended forward 
through the notch between the head prolonga- 
tions. With head tucked under slightly these 
prolongations acted partly as bulldozer blade, 
and in part to protect the mouthparts and the 
eyes which were further shielded by the lateral 
prolongations of the-rothorax. 

“The thoracic prolongations and drawn-up 
chelipod-like middle legs completely boxed in the 
ventral anterior bulky half of the animal, thus 
increasing its efficiency as a burrower. Trailing 
hind tibia and tarsi lie just below ventral rows of 
gills, maintaining a space free of sand at all times 
in which the gills could move. 

“The long red-brown hair may well act as a 
cushioning effect from the pressure of the sand, 
as well as an anti-abrasive to the wearing action 
of the sand grains.” 

We believe that probably another important 
function of the hair on the nymph is to exclude 
sand but to let water enter to the ventral gill 
area. 

The biology of adult stages of the Behningiidae 
is unknown. The wing and leg structure of the 
adult of Behningia suggests that it is a rapid- 
flying, short-lived form. We can only speculate 
as to the nature and biology-of the adult of 
Dolania. 
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NOTICE TO AUTHORS 


A new periodical, Miscellaneous Publications of the Entomological Society of America, 


will be initiated by the Society in 1959. 


It will be devoted to entomologica! articles of more 


than 20 printed pages and of a type and length less than that suitable for the Thomas Say 


Foundation series. 


If you have questions or a suitable manuscript please write the Executive Secretary, 
Entomological Society of America, 1530 P Street, N. W., Washington 5, D. C. 





A NEW SPECIES OF TORYMUS REARED FROM THE SEEDS OF 
AMERICAN HOLLY (HYMENOPTERA: TORYMIDAE)' 


H. E. MILLIRON 
Glen Dale, West Virginia 


ABSTRACT 


Torymus rugglesi is described from numerous speci- 
mens reared from seeds of American holly collected in 


Approximately a quart of berries was obtained 
early in 1952 from the ground beneath an Ameri- 
can holly tree to determine if any of the seeds were 
infested and, if so, which insect species was in- 
volved. After dissecting a few berries it was 
discovered that an occasional seed contained a 
chalcid larva. The remainder of the material 
was placed in a glass container and held for 
rearing until mid-April, without success. The 
berries were then removed, soaked in water for 
several hours, after which the seeds were sepa- 
rated from the pulp and returned to the con- 
tainer. Within a matter of days what proved 
to be an undescribed species began to emerge, and 
continued to do so until late May. 


Torymus rugglesi, new species 

Female.—Length, 2.75 mm.; ovipositor sheath, 
4mm. Color predominantly yellow to brownish 
yellow; bluish green on vertex, mesonotum except 
the anterolateral angles, inner angles of meso- 
praescutum, most of axilla, the scutellum and 
less so on the propodeum, with violaceous tinge 
especially elsewhere on the thoracic dorsum, 
under certain lights; small oval blackish green 
spot before each parapsidal furrow, and a larger 
brownish area on the posterior surface of the 
mesepimeron; flagellum dark brown, scape and 
tarsi distally infuscated; wings hyaline. Abdo- 
men mid-dorsally, and ovipositor sheath, dark 
brown. Pubescence light brown to pale. Head 
transverse oval, wider than the thorax; face 
irregularly and minutely rugulose; antennal 
grooves shallow. Ring segment expanded dis- 
tally, little more than one-half as wide as long; 
all funicular segments longer than wide.. Thoracic 
dorsum reticulate rugulose; parapsidal furrows 
distinct. Wings strongly ciliate; marginal vein 
about seven-eighths as long as the submarginal, 
the stigmal vein short petiolate or subsessile. 
Abdomen equal in length to head and thorax 
combined, but less than half as long as the 
ovipositor. 

Male.—Length, 2.6 mm. Coloration similar 
to that of the female except that the scape is 
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cooperation. 


'The writer expresses thanks to Dr. B. D. 
U. S. National Museum, for helpful 
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Delaware. The species is also recorded from Maryland 
and Virginia. 


darker and the abdomen is more extensively 
brown. 

Holotype.—Female, Newark, Delaware, Febru- 
ary 10, 1952 (H. E. Milliron), reared April 27, 
1952, ex seed of /lex opaca. Allotype.—Male, 
with the same data. Paratypes.—74 females, 26 
males, with the same data as the holotype, except 
emergence dates are April 27 to May 24, 1952, 
inclusive; 1 female, 1 male, Williamsburg, Vir- 
ginia, September 30, 1949 (R. A. St. George and 
J. W. Browers), ex seed of Jlex opaca; 1 female, 
Hyattsville, Maryland, March 10, 1957 (B. D. 
Burks), [lex opaca seeds. All the above material 
is in the collection of the U. S. National Museum, 
Washington, except that two paratypes of each 
sex are in the American Museum of Natural 


History, New York City, and in the Canadian 
Type.—Cat. No. 


National Collection, Ottawa. 
64271, U.S.N.M. 

Type Locality —Newark, Delaware. 

Host.—Seeds of Ilex opaca Ait. 

V ariations.—Considerable variation exists in 
this series of 105 specimens. In size, females 
range from 2.4 mm. (ovipositor, 3 mm.) to 3.5 
mm. (ovipositor, 4.8 mm.), and males from 
2.0 mm. to 2.6 mm. The green on some speci- 
mens may be reduced to the posterior area 
of the mesoscutum and to the middle of the 
scutellum, with only a violaceous tinge elsewhere 
normally covered by intense greenish pattern. 
Others have the green covering most of the 
mesoscutum, the inner angles of the meso- 
praescutum, nearly all the axilla and the pro- 
podeum. The quality of color ranges from a 
beautiful azure blue and purple to very deep 
green, there being all gradations between these 
two extremes. Also, the extent and intensity 
of brown on the dorsum of the abdomen is 
variable. 

In Huber’s key (Proc. U.S.N.M., vol. 70, pp. 
1-114, 1927) this species runs to tubicola O.S., 
from which it is readily separated by the strik- 
ingly ‘different coloration; in rugglesi the green is 
limited to specified areas of the dorsum, whereas 
in tubicola the color is predominantly metallic 
green in the female and blackish green in the 
male. The species is dedicated to the memory 
of Arthur Gordon Ruggles, former State Ento- 
mologist of Minnesota. 





NOTES ON THE BIOLOGY OF HALOVELIA MARIANARUM USINGER 
IN SAMOA (VELIIDAE: HETEROPTERA)' 


W. R. KELLEN 


Entomologist, Government of American Samoa 


ABSTRACT 


A new distribution record is established for Halovelia 
marianarum in Somoa. This marine veliid lives along 
the edges of a shallow lagoon and is closely associated 
with volcanic rocks which occur in the intertidal zone. 
The veliids are active at mean tide, and hide in holes 
in the rocks at low and high tide. They have several 


The establishment of a new locality record for 
Halovelia marianarum Usinger in Samoa _ has 
extended the known distribution of the marine 
veliid genus Halovelia further east in the Oceania 
Region. Formerly, the genus was known to 
occur as far east as the Marshall Islands, where 
H. marianarum was found by Usinger at Arno 
Atoll. This species was originally described from 
Guam, and is now known to occur on both sides 
of the Equator and across 3,000 miles of the 
Pacific Ocean. In view of the expanding known 
distribution of the genus, it seems plausible that 
representatives of the genus will eventually be 
found in the Cook and Society Islands also, when 
more comprehensive insect surveys are conducted 
in those areas. 

Relatively little biological information on the 
genus Halovelia is available in the literature. 
The data presented by Usinger (1946), accom- 
panying the original description of marianarum, 
noted that the veliids were found swimming 
singly or in threes or fours around coral rocks in 
shallow embayments. Similarly, in the Marshall 
Islands, Usinger (1951) reported finding the 
veliids swimming near shore in protected tide 
pools; in this instance, however, the veliids 
occurred in much larger groups of half a dozen 
to 50 or more and were accompanied by a marine 
gerrid, Halobates mariannarum Esaki. Usinger 
also pointed out that almost always the small 
male veliid was riding on the back of the female. 
Esaki (1937) found Halovelia bergrothi, a New 
Guinea species, on standing water which had 
collected in a tree root on a coral island. The 
most recent summary of our knowledge of the 
genus is given by China (1957). 

For a period of over a year on Tutuila, American 
Samoa, the author had the opportunity to conduct 
field observations on the biology of H. marianarum 
and to observe material reared under laboratory 
conditions. These biological notes, plus illustra- 
tions of adults and nymphs, are presented as a 
contribution to the knowledge of a group of 
interesting marine insects, about which relatively 
little is known. 
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different patterns of swimming on the water, and are 
able to run rapidly over rocks. In the field they feed 
mainly on tendepedid midges and Collembola. It was 
possible to rear them under laboratory conditions and 
the duration of each instar was determined. Data are 
presented on the size and growth rates of the nymphs. 


ENVIRONMENT 

On Tutuila, H. marianarum was found inhabit- 
ing a rather restricted area on the edges of a 
shallow lagoon located on the southern part of 
the island. The lagoon, approximately 2,000 
yards in diameter and about 4 to 6 feet deep at 
high tide, is enclosed by the Tafuna airstrip on 
the south and a narrow peninsula known as 
Coconut Point on the east. The area is entirely 
bordered by mangroves, old lava beds, and 
numerous black volcanic rocks about a foot in 
diameter. The lagoon experiences about a 3l4- 
foot tide and most of the scattered volcanic rocks, 
since they lie within the tidal zone, are alternately 
submerged and exposed. There are no coral 
rocks in the area; however, the mouth of the 
lagoon, about 300 yards wide, is protected by 
a fringing reef. The prevailing wind is from the 
east, but the protective reef and direction of the 
narrow mouth prevent any appreciable amount 
of wave action from entering the area. Interest- 
ingly, the lagoon has had its highly» protected 
aspect only since the construction of the Tafuna 
airstrip in 1942. Prior to that time the area 
was probably exposed to much more wave action 
than at present (fig. 1). Two freshwater streams, 
each about a yard wide, enter the lagoon at the 
far end. The streams carry large amounts of 
silt during heavy rains which occur throughout 
the year, and about a foot of soft mud has 
accumulated on the bottom of the lagoon. 
Thick growths of filamentous green and brown 
marine algae are abundant, indicating that 
nutrients leached from the soil are also deposited 
there. Being the most protected embayment 
on the island, the Tafuna lagoon is unique, as it 
is the only place where materials carried by runoff 
have an opportunity to accumulate to any extent. 
However, because of the strong influence of the 
tides, it does not seem likely that the area will 
ever become completely filled with silt, as large 
quantities of suspended material are gradually 
removed. In other areas of the island, runoff 
silt is almost immediately dispersed into the 
ocean by the tides. 

The only area comparable to the Tafuna 
lagoon in Tutuila is the much larger bay of Pago 
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Pago. Here, also, freshwater streams enter at 
the extreme end of the embayment and protective 
fringing reefs are present. However, the bay 
is very deep and largely exposed to strong wave 
action during high tide, preventing any accumula- 
tion of silt. Moreover, exposed lava beds and 
numerous scattered volcanic rocks, characteristic 
of the Tafuna area, are absent. Investigation 
of the Pago Pago bay indicated that H. mari- 
anarum is not present in the area. 
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BIOLOGY 


In the Tafuna lagoon H. marianarum was 
discovered accidently by the author while collect- 
ing nymphs of Halobates sp. at mean tide. Nymphs 
of the marine gerrid usually congregate in open 
water about 3 to 10 feet from shore, and schools 
of several hundred individuals often cover an 
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Average percent increase in certain body measurements in 
Halovelia marianarum as compared with instars immediately preceding. 
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area of about 2 square yards. After collecting 
a large number of the gerrids, several adult 
Halovelia were captured, and it soon became 
evident that adult veliids swam in association 
with nymphal gerrids and were probably breeding 
in the immediate vicinity. Subsequent inspection 
of the areas surrounding the nearby half-exposed 
voleanic rocks disclosed several more adult 
veliids and a few fifth-instar nymphs (figs. 2 
and 3). Later it was discovered that individual 


Measurements, in hundredths of a millimeter, of body parts of Halovelia marianarum at various stages of 
the life cycle. Figures in parentheses indicate number of individuals measured. 
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Adults 


adult veliids only occasionally ventured for 
more than a foot or two from the edge of rocks 
and rarely swam 6 to 10 feet from shore to open 
water to join schools of Halobates nymphs. 

After visiting the Tafuna lagoon about twice 
a week for over a year it became apparent that, 
as a rule, the veliids were not very abundant. 
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Most commonly only 4 to 6 adults were found 
together and often 3 or 4 such groups were 
distributed over a distance of about 50 yards 
along the edge of the lagoon. A very distinct 
seasonal variation in abundance occurs, however, 
for during the months from December to 
February the veliids were much more abundant 
than at any other time of the year. During 
these months groups comprised of over 300 
individuals were occasionally found swimming 
together in schools covering several square feet 
on the surface of the water. As with groups 
composed of only a few individuals, the larger 
groups preferred to stay close to the half-exposed 
rocks. There appeared to be a preference to 
congregate on the shady sides of rocks; however, 
not infrequently the veliids were also observed 
swimming in direct sunlight. 


Fic. 1. 


Fifth-instar nymphs, distinguishable in the 
field from black adults by their dull brown color, 
were frequently seen swimming with adults; 
earlier instars, however, were rarely found in 
association with adult individuals, which are 
quite predaceous. Early instars were usually 
found swimming singly, or occasionally in twos 
or threes, and were never seen to venture more 
than an inch or two from the edge of a rock. 
When disturbed, nymphs would immediately 
swim to the nearest rock and crawl onto its 
surface for protection. Generally, young nymphs 
were most easily collected by dislodging them 
from their hiding places by overturning rocks. 


Biology of Halovelia marianarum 


When only a few adults swam together, they 
would react similar to nymphs when disturbed, 
and seek the protection of nearby rocks. Larger 
groups of adults, however, would swim excitedly 
when disturbed and scatter for a few feet in the 
immediate vicinity, resuming their former swim- 
ming pattern after a few minutes. 

The periods of swimming activity of the 
veliids are strongly influenced by the height of 
the tide. At high tide they are concealed in 
small air pockets trapped in the holes of sub- 
merged volcanic rocks and are never found 
swimming on the water. This was demonstrated 
in the laboratory by simulating conditions created 
by ebbing tides. Volcanic rocks with veliids 


resting in the holes were taken and slowly sub- 
merged in sea water; the veliids were immediately 
encapsulated in air bubbles and made no attempt 
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Edge of Tafuna lagoon at low tide. 


to escape. When the tide begins to wane and 
parts of the rocks holding veliids become exposed, 
the insects are freed from the air pockets and 
begin swimming. As the tide continues to wane, 
however, leaving rocks in the tidal zone com- 
pletely exposed on a mud flat, the veliids leave 
the water and once again crawl into the holes of 
the rocks. Apparently the insects prefer not to 
follow the tide out past the zone of rocks, for 
they depend upon the rocks for protection. A 
second period of swimming activity is produced 
by the ebbing tide when the rocks are again 
about half submerged. It is evident, therefore, 
that the veliids have only four relatively short 
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periods of swimming activity which last for a total 
of about 6 hours out of every 24 hours. Since 
the rocks frequented by the veliids are in the 
tidal zone and subjected to alternate submergence 
and exposure, the position of the rocks and the 
time of the tides dictate the activity period. 

The veliids were observed to have several 
different methods of swimming. When swimming 
close to rocks, they usually move in a leisurely 
manner, describing small circular paths about 
3 inches in diameter, each sweep of the middle 
legs moving the individual about half an inch in 
a jerky progression over the water. This swim- 
ming pattern apparently is associated with the 
search for food. When swimming a few feet 
away from rocks, or when swimming with schools 
of Halobates nymphs, the pattern of swimming 


Fic. 2.—Halovelia marianarum male resting on water. 
Fic. 3.—Halovelia marianarum female with 
male riding on back. 


is somewhat different. The sweeps of the 
swimming legs are made much more rapidly and 
the progression over the water is very rapid and 
smooth for about 6 inches to 1 foot at a time, 
interspaced with short stops. This type of 
swimming behavior is characteristic of individuals 
which have been disturbed. The rapid swimming 
action usually moves the veliid over a straight 
course, and presumably removes the individual 
from the site of disturbance as quickly as possible. 
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Under these circumstances some individuals have 
been observed to swim for about 5 feet at a 
stretch before pausing briefly. The veliids also 
frequently walk on the surface of the water. 
The manner of walking is very reminescent of the 
progression of the freshwater members of the 
family and more typically “‘veliid’’ than the type 
of swimming described above. Walking is used 
for moving very short distances on water, usually 
not more than half an inch. Veliids frequently 
walk around their prey to orient themselves 
before feeding. They also often walk when 
moving short distances to the edge of a rock. 
Another very characteristic ‘“‘veliid’’ response of 
H. marianarum is the tendency to “play dead”’ 
when overly disturbed; the author has seen 
members of Microvelia and Mesovelia react in 
an identical manner under similar circumstances. 
If suddenly disturbed when swimming or resting, 


Fic. 4.—a, Side view of female Halovelia marianarum; 
b, Male clasping female, unattached genitally. 


the veliids pull their legs tightly to the sides of 
the body and remain motionless for a minute or 


two. Perhaps these ethological characteristics of 
walking and “playing dead”’ will help support the 
relationship of Halovelia to the Veliidae. 

H. marianarum is as much at ease when 
moving over a solid surface as it is on water, 
and is able to run rapidly over the irregular 
surfaces of volcanic rocks. Usually the three 
pairs of legs are used for walking or running, the 
long middle legs being used with che same 
dexterity as the much shorter fore and hind legs. 
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Fic. 5.—a, Egg of Halovelia marianarum; b, First instar nymph; c, Second instar; d, Third instar; 
e, Fourth instar; f, Fifth instar, female. 
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Fic. 6.—a, Adult female of Halovelia marianarum, dorsal view; b, Adult male, dorsal view; 
c, Adult female, ventral view; d, Adult male, ventral view. 
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Fic. 7.—a, Egg burster, dorsal view; b, Sclerotized ring, side view; c, Profile of burster; d, Adult female, 
terminalia, dorsal view; e, Anterior tibial comb of adult male, abaxial view; f, Anterior tibia of adult male, 


adaxial view. 
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Occasionally, however, when moving only short 
distances, the insect folds the middle legs close 
to the body and only the fore and hind legs are 
used. The veliids are also able to jump with 
considerable ease, springing for distances of 10 
inches or more on a flat surface; the middle legs 
are used for this purpose. Under laboratory 
conditions the veliids often left the water to 
crawl over the rocks or jumped from the rocks 
to the water; these activities were, however, 
rarely observed in the field. Most frequently in 
the laboratory the veliids would rest on the rocks, 
clinging to the surface about 14-inch above the 
water and oriented with their heads upward. 
When resting, they always preferred to hide in 
small holes in the rocks. The volcanic rocks 
frequented by the veliids in the field are, of 
course, abundantly provided with small holes, 
these having been formed by gases trapped in 
the lava at the time the rocks were solidifying. 
In general, most of the holes were about one- 
fourth to one-half inch in diameter and equally 
deep. 

Females captured in the field are almost always 
accompanied by males riding on their backs. 
The female has a very strong depression in the 
dorsal surface of the abdomen and the male fits 
closely into the contours when in the riding 
position (fig. 4a and 4b). So close is the fit that 
it is usually very difficult to distinguish the male 
on the back of the female, as the general body 


shapes of the two appear to blend together. 
The pubescence of the male abdomen, however, 
is longer than that of the female and has a bright 
silvery appearance, whereas the general color 


of the female is dull black. Because of the 
difference in abdominal pubescence, females with 
attached males can always be detected in the 
field by the presence of the silvery patch of the 
male on the posterior portion of the female 
abdomen. Pinned specimens of males, however, 
lose much of the bright appearance of the 
pubescence. 

Close examination of paired individuals revealed 
that almost all of the males riding on females are 
genitally attached; whether these individuals are 
actually in copulation is questionable, as the 
attachment may serve only to assist the male in 
clinging to the female. When attached in this 
way, the hind legs of the male clasp the terminal 
part of the female abdomen, while the fore legs 
are held forward with the tarsal combs set into 
the short pubescence on the dorsal surface of the 
female thorax (fig. 7e and 7f). The middle legs 
are not used to clasp the female and are held 
folded tightly against the body of the male. 
Only a few males were found riding females 
unattached genitally. In these instances the 
male always occupied a more anterior position 
on the back of the female. Moreover, the female 
was clasped in a manner similar to that described 
above, except that the fore legs of the male were 
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clasped around the sides of the thorax instead 
of being held on the dorsal surface. This gives 
the impression that the male has to hold tighter 
with the fore legs when not supported by genital 
attachment. Males clasp the females very tena- 
ciously and are reluctant to release their hold even 
though roughly handled. In the laboratory 
males have even been observed to continue 
clasping dead females for several hours. Males 
must dismount to feed, of course, but they 
invariably mount unattended females at the first 
opportunity. Females were never seen to resist 
the attempts of males to mount. In the labora- 
tory, however, a male was once observed 
attempting to mount a female which already had 
an attached male. In this instance the female 
quickly turned upside down on the surface of the 
water to discourage the second male, whereas 
the first male was undisturbed. In the field only 
relatively few males were seen swimming indi- 
vidually and even fewer females were observed 
without attached males. 

The veliids feed only during their swimming 
activity periods. In the field adults and nymphs 
were observed to feed mainly on small tendipedid 
flies and Collembola, both of which-were usually 
abundant on the exposed rocks. Leafhoppers, 
which were frequently washed from the grass 
growing on shore and stranded on the water, 
were also attacked. Small prey, such as midges, 
were sometimes grasped by the veliids with the 
front legs and carried to the side of a rock before 
being eaten. Moreover, if small enough, midges 
were occasionally carried a short distance up the 
side of a rock; apparently this is done to eliminate 
competition for food. Larger prey, such as 
leafhoppers, were often attacked by two or three 
veliids at once; they applied their beaks to the 
prey and remained motionless on the surface of 
the water while feeding. 

In the laboratory veliids were reared in 1-gallon, 
wide mouth jars, containing about an inch of sea 
water and a small rock. The volume of the 
water was kept constant by adding fresh water 
twice a week to compensate for the loss due to 
evaporation. Under these conditions the veliids 
were found to feed on almost any kind of freshly 
killed, soft-bodied insect. The laboratory colony 
was mainly supplied with grasshopper nymphs, 
one or two small nymphs being dropped onto the 
surface of the water each day. Almost immedi- 
ately after new food was introduced, the veliids 
would swim to the prey and begin probing with 
their beaks. Antennae, membranous leg joints, 
and the terminal portion of the abdomen were 
favorite places for feeding. Feeding periods 
varied greatly, but in general lasted for less than 
5 minutes. 

Natural enemies of the veliids apparently 
are not very abundant. Perhaps the most 
important form of predation is the continual 
grazing of small crabs which frequent the volcanic 
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rocks. No doubt their constant search for food 
is responsible for the destruction of many veliid 
eggs. Enemies of adults were never observed, 
although herons were sometimes seen striking at 
the surface of the water and it is plausible that 
veliids are occasionally taken by the birds. 
Small fish were often observed swimming beneath 
schools of veliids, but at no time were fish seen 
to attack the insects on the surface of the water. 
External parasites were never encountered. 

Because of the irregularity of the rocks and the 
many obscure places available for oviposition, 
eggs were not found in the field. It was even 
rather difficult to find eggs in the laboratory with 
its relatively limited area available for oviposition. 
However, the few eggs which were found in the 
laboratory were deposited singly in small holes 
in the rocks, usually about half an inch above 
the water surface, where they were continually 
kept moist by water absorbed by the porous 
surface of the rock. Because of the difficulty in 
witnessing the laying of individual eggs, the 
exact duration of the incubation period was not 
determined. The rocks were searched daily, 
however, for the presence of newly laid eggs in 
order to establish as closely as possible the first 
day of the incubation period. Three newly laid 
eggs found in this way had an incubation period 
of 18 days at an ambient temperature of 25° C. 
The eggs are dull white when first laid, becoming 
progressively pink and then brown as the embryo 
develops. The eggs are oval and smooth, and 
have a short micropylar projection on one end 
terminating in four minute lips (fig. 5a). The 
maximum, minimum, and average measurements, 
respectively, of six eggs were as follows: length 
0.70, 0.68, 0.69 mm.; width 0.41, 0.39, 0.40 mm. 
The micropylar projections were each about 
0.013 mm. in length. 

The egg burster of the embryo is a short, 
sharp projection situated on a sclerotized, U- 
shaped band which fits over the head (figs. 7a, 
7b, and 7c). During eclosion the burster is used 
to perforate the egg along half the length of the 
shell, resulting in a narrow split through which 
the nymph escapes. In the process of hatching 
the nymph forces off the embryonic head mem- 
brane to which the egg burster is attached and 
the entire apparatus is left in the slit in the shell. 
Hatched eggs always have the thin membrane 
with the burster protruding from the empty shell. 

Adult veliids were kept alive for several months 
under laboratory conditions and little difficulty 
was had in rearing nymphs. to the adult stage. 
At an average ambient temperature of 25° C. the 
duration of each instar was as follows (data 
represent maximum, minimum, and average 
number of days, respectively, for each instar; the 
number of observations is given in parenthesis): 
first instar (12) 10, 7, 7.8; second instar (8) 8, 6, 
6.5; third instar (8) 8, 5, 6.4; fourth instar (7) 
9,7, 7.3; fifth instar (7) 15, 10, 11.4; total duration 
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of nymphal stage (from above) 50, 35, 39.4. 
Nymphs always molted while in a resting position 
on the sides of rocks immediately above the 
surface of the water. Frequently exuvia floated 
free onto the water. Molting fifth-instar nymphs 
were observed to split the nymphal skin along 
the mid-dorsal line of the thorax. The new 
adult, creamy white with dark red eyes, forced 
the thorax and head through the opening, soon 
followed by the fore and hind legs. Difficulty 


A 
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a, Adult male, terminalia, side view; 


Fic. 8. 


b, Parameres, dorsal view. 


was usually encountered in pulling the long 
middle legs from the old skin; leverage was 
gained by using the fore legs as a fulcrum upon 
which to press the body forward, applying steady 
tension on the middle legs. The tension was 
applied for a few seconds at a time for about 
10 minutes until the legs were freed. The 
entire molting process lasts about half an hour 
Newly emerged adults are frequently active 
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almost immediately after molting, but generally 
they remain resting until the adult color is 
obtained. About an hour after molting the 
color is grayish tan; the final adult color is 
obtained after about 2% hours. 


GROWTH DATA 


References to nymphs of H. marianarum are 
not made in the literature, so the following data 
(tables 1 and 2 are presented to illustrate the 
size and rate of growth of the instars (fig. 5b, 
c, d, e, and f). Measurements of adults (fig. 6a, 
b, ec, and d) are given for comparison. All 
measurements were taken from slide material 
under 100-power magnification. Only adults 
required preliminary treatment with sodium 
hydroxide; nymphs -were mounted directly in 
Hoyer’s solution. All material has been de- 
posited with the Bishop Museum, Honolulu, 
Hawaii. 

It is to be noted, in the data given, that body 
length, particularly for nymphs, is_ greatly 
influenced by the time the individual insect had 
its last meal; these data are given only to indicate 
the relative lengths of the nymphs. Measure- 
ment of body length excludes the head. Body 
width was measured across the’ widest part of 
the thorax. Thoracic length was taken along 
the median line and is given for the combined 
thoracic tergites. Head width was measured 
across the widest part of the eyes, and head 
length is for the entire head capsule. The latter 
measurement includes the short posterior ridge 
of the head capsule, which serves for neck muscle 
attachment. The ridge extends for a_ short 
distance beyond the strongly sclerotized hind 
border of the head in adults, and is normally 
hidden in living and pinned specimens. The 
sclerotized hind border of the head, prominent 


INTRODUCTION A L'ETUDE BIOLOGIQUE ET 
“*{ORPHOLOGIQUE DES INSECTES DIPTERES, 
by Dr. EuGENE SéGuy. 1955. Publicacdes Avulsas 
do Museu Nacional No. 17. 260 pp. Rio de Janerio, 
Brasil. 

This very interesting collection of genera! information 
on the Diptera should serve as an excellent summarized 
source for students and specialists, as well as for the 
general reader. Unfortunately it is entirely lacking in 
illustrations. The author is a well-known authority, 
located at the Muséum National d'Histoire Naturelle in 
Paris. 

After very brief general accounts of external and 
internal morphology, physiology, sensory systems, and 
and locomotor mechanisms, statements follow on re- 
production, ontogeny, and larval life histories, and a 
very brief one concerning the recognized zoogeographic 
regions. 

An l1l-page chapter presents a classification of the 
families of Diptera. Following chapters contain bio- 
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in adults, is absent in nymphs. In each instance 
the range of the data represents minimum and 
maximum measurements, respectively, and the 
number in parentheses indicates the number of 
specimens examined. 

Based on the averages given in table 1, the 
percent increases in size for certain parts of the 
body in successive instars is presented in table 2. 

Measurements of the fifth-instar nymphs show 
a slight decrease in size from fourth-instar 
nymphs for antennal and proboscis lengths. This 
can be attributed either to insufficient data or, 
perhaps, to an indication that sexual dimorphism 
is already present in fourth-instar nymphs. A 
long series of individually reared nymphs is 
necessary to answer the question. The present 
data indicate that fifth-instar females experience 
a greater increase in size over fourth-instar 
nymphs than do the fifth-instar males by the 
following percents: head width, 16.2; interocular 
width, 6.7; antennal length, 23.2; middle femora, 
26.0; middle tibiae, 32.3; and length of proboscis, 
19.2. 

Illustrations of the male and female terminalia 
of adult Halovelia marianarum are presented here, 
as these are not available in the literature (figs. 
7d, 8a, Sb). 
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logical notes on the phytophagus, saprophagous, 
coprophagous, and zoophagous Diptera, on hypogeous 
Diptera including the inhabitants of ant and termite 
nests, and on those in bird nests and mammal burrows. 
‘‘Domestic’’ species include the moth-flies, window 
flies, fruit flies, house flies, and others less to be expected, 
such as those which specialize on cheese and on cadavers. 

Parasitic forms are presented according to the animal 
group which they affect, as arthropods, mollusks, verte- 
brates, etc. Blood-sucking flies receive more treatment, 
along with a mention of the diseases with which they are 
associated. There is an entire chapter on a variety of 
external and internal myiases. 

The more desirable features of certain flies are pre- 
sented in the final chapter. A selected biolography, 
keyed to each of the 15 chapters, and an extensive index 
complete the book. 

HucGo G. RopEeck 
University of Colorado Museum, 
Boulder, Colorado. 





ON THE IDENTITY OF THE SPOTTED ALFALFA APHID IN NORTH AMERICA' 


R. C. DICKSON 
University of California Citrus Experiment Station, Riverside 


ABSTRACT 


The spotted alfalfa aphid should be known by the 
name Therioaphis maculata (Buckton), cotypes of which 
are well within the range of normal geographical variation 
of this Medicago-inhabiting species. There is consider 
able variation in the species as it occurs in the Old World, 
but very little in North America, where it seems identical 
with population samples received from Israel, Cyprus, 
and Morocco. Two characters, the proportion of the 


The spotted alfalfa aphid, Therioaphis (Ptero- 
callidium) maculata (Buckton), was first found 
in North America in New Mexico on alfalfa in 
the spring of 1954. Circumstances and popula- 
tions indicated that it was a newly introduced 
species and that it had probably arrived in the 
late summer or fall of 1953. Since that time it 
has spread rapidly over most of the United States 
and Mexico, and has passed through the period 
of abnormally high populations often character- 
istic of newly introduced species. 

When first found in this country the spotted 
alfalfa aphid (SAA) was believed to be the 
yellow clover aphid (YCA) (Deal et al., 1954) 
and recorded under the scientific names Therio- 
aphis ononidis (Kalt.) and Myzocallis trifolii 
(Monell). The pattern of spread of the SAA 
soon made it obvious that this alfalfa-infesting 
aphid was distinct from the old YCA, even 
though morphological characters to distinguish 
the two had not been seen. 

The YCA was described by Monell (1882) 
from specimens collected at Washington, D. C. 
It lives primarily on Trifolium pratense Linn. and 
T. repens Linn. and by about 1907 had spread 
westward to a little beyond the Mississippi River. 
This seems to have completed the occupation of 
its range in North America since in the fifty-odd 
years elapsed since then it has not been found 
permanently established any farther west. 

The SAA spread rapidly in all directions from 
its apparent point of introduction in New Mexico. 
First it occupied the drier southwestern part of 
the United States and Mexico lying outside the 
range of the YCA, and then spread east and 
north so that it is now found in much of the area 
occupied by that species. 

Early studies of the SAA, as Dickson et al. 
(1955), indicated that its host range differed 
greatly from that of the YCA. This has since 
been confirmed and extended by Peters and 
Painter (1957, 1958). 


‘Paper No. 1058, University of California Citrus 
Experiment Station, Riverside, California. Accepted 
for publication July 15, 1958. 
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third antennal segment covered by sensoria and the size 
of the ventral sclerotized abdominal dashes, were found 
of particular value in characterizing local populations 
and in distinguishing populations and specimens of T. 
maculata from those of the yellow clover aphid. T. 
trifolii (Monell). Both these species of Therioaphis 
belong in the subgenus Pterocallidium. 


It was considered important that the two be 
observed and collected on many hosts growing in 
as close proximity as possible so during the 
summer of 1956 the author collected aphids on 
clovers and related plants through central, 
southern, and eastern United States to get 
naterial for a study of the therioaphidine aphids 
infesting them. Material for study also came in 
from Europe, Asia, and Africa from the collections 
of R. van den Bosch, G. W. Angalet, and H. L. 
Parker. This foreign material was primarily a 
byproduct of the search for organisms for use in 
biological control. 

Aphids from all these collections were studied 
intensively in an attempt to answer the following 
questions: 


(1) What is the proper scientific name of the 
SAA? 

Are there valid morphological characters 
separating SAA from YCA in North 
America and in the world? 

How much variation is there in the SAA 
in North America and in the world? 

Do any Eurasian populations of SAA 
appear identical with the North American 
population ? 

Is there only one species of YCA in North 
America? 


(2) 
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MATERIALS AND METHODS 
Data used in these studies came from 1,039 
specimens studied under the compound micro- 
scope for 12 characters. The specimens came 
from 82 collections as follows: YCA 18 (12 U.S. 
and 6 Old World); SAA 64 (39 U.S. and 25 Old 
World). Specimens were: YCA 218 (63 alatae 
and 155 apterae); SAA 820 (410 alatae and 410 
apterae). It was not possible to see all 12 
characters on some of the specimens. The 
characters were: 
Number of sensoria on antennal segment 
III. 
Length of antennal segment III. 
Distance from base of antennal segment 
III to distal edge of distal sensorium. 
Number of dorsal tubercles on abdominal 
segments III, IV, and V. 
Coalescence of dorsal dots on abdominal 
segments III, IV, and V. 
Number of setae contained in the largest 
ventral dash on abdominal segments IV, 
V, and VI. 
(3) above was divided by (2) to give 
the percentage of antennal segment 
III covered by sensoria. 


All data were tabulated and the means and 
standard deviations calculated on data consisting 
of five or more observations from a collection. 
Certain of these data are presented in the tables 
and discussed under separate headings below. 


NUMBER OF SENSORIA 


Sensoria occur on antennal segment III in all 
adult YCA and SAA. Numbers of sensoria on 
specimens from a number of collections from 
various locations are shown in table 1. YCA 
are from Trifolium pratense or T. repens, and 
the SAA from Medicago sativa Linn. Collections 
from Louisiana and North Carolina each include 
aphids from all three hosts found nearly adjacent. 

Data in this table are arranged in order by the 
third column (percent of segment covered by 
sensoria in apterae) which groups all the data 
from YCA together at the top of the table and 
places all data from SAA in the U.S.A. in the 
bottom half of the SAA data. If the data on the 
number of sensoria had been used to arrange the 
locations they would have been in substantially 
the same order although there would have been 
some shuffling and a few locations would have 
been moved out of their groups. 

Data on the number of sensoria show that 
generally YCA have more sensoria than SAA, 
but that there is considerable overlapping. 
Aphids from 7. pratense and from T. repens 
show no indication of differences between the 
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YCA on the two hosts. There is some indication 
that YCA from northerly locations have more 
sensoria than those from farther south. Counting 
the number of sensoria is a fair means of distin- 
guishing SAA from YCA populations but is not 
suitable for the determination of individual 
specimens. 

There is a suggestion in the SAA data that 
populations in the U.S.A. have less sensoria than 
those in India but no conclusions can be drawn. 

Every population counted gave a higher mean 
from alatae than from apterae, but there is much 
overlapping and the difference between the two 
forms is much less than is the case in most aphid 
species. 


POSITION OF SENSORIA 

In these species the secondary sensoria are 
usually located on the basal one-third to three- 
fourths of antennal segment III. Early observa- 
tion indicated that in the YCA the sensoria extend 
out about two-thirds of the distance from the 
base to the tip, while in the SAA they cover 
about the basal half. Data on this character 
are shown in table 1. 

These data were derived by dividing the 
distance from the base of antennal segment III 
to the distal edge of the distal sensorium by the 
total length of the segment. Data in this table 
show that there is a gap between American YCA 
and SAA for this character. Even between the 
closest collections the means are separated by 
almost two times the sum of the standard 
deviations. 

The aphids from the North Carolina and 
Louisiana collections definitely show no difference 
between YCA from 7. pratense and those from 
T. repens, while the SAA from alfalfa in these 
localities are the same as SAA from other parts of 
the country and are distinct from the YCA living 
nearby. 

There is some gradient among the YCA 
populations regarding this character. Aphids 
from the northeastern part of the U.S.A. have 
the sensoria extended a bit farther out than do 
those from the south. French specimens of YCA 
were from several small collections. Standard 
deviations from the mean of the French specimens 
almost includes the range in the means of all the 
YCA populations measured. The differences 
between YCA populations may be an effect of 
climate or it may be a genetic cline established 
in the YCA during the 80 plus years it has been 
in this country. SAA collections from the 
U.S.A. are from a greater geographic range but 
show no such range of variation, a condition that 
may be expected in a recently introduced species. 
For this character, American SAA are shown by 
table 1 to be at or near the extreme -end of 
variation away from the YCA and to look the 
same as collections from Cyprus and Israel. At 
the other end of variation are two collections from 
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India and one from Ethiopia. They are a little 
nearer to American YCA than to American SAA 
for this character, but between the SAA extremes 
there is a good gradation, or cline. Even from 
within a country, as Iran or India, a number of 
collections cover most of the range of variation 
shown for the species. This is a “‘good”’ character 
to use in distinguishing SAA from YCA in North 
America and reasonably good for distinguishing 
collections from the Old World. 


Table 1.—Antennal Segment ITI: 


Number of Sensoria 


Species Country Location Apterae 


761 
27+1 
29+0 
90 +1 
191 
10+1 


1956 
1956 
1955 
1955 
1956 
1955 
1956 
1956 
1956 
1956 
1956 
1955 
1956 
1956 
1955 
1955 
1955 
1956 
1955 
1956 
1956 
1955 
1955 
1955 
1955 
1954 
1956 
1956 
1955 
1955 
1956 


U.S.A. 
U.S.A. 
U.S.A. 
France 
U.S.A. 
YCA» U.S.A. 
YCA» U.S.A. 
YCA* U.S.A. 
YCA> | U.S.A. 
YCA> U.S.A 
YCA* U.S.A. 
SAA India 
SAA India 
SAA Ethiopia 
SAA Iran 
SAA Italy 
SAA Turkey 
SAA Eritrea 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 


Maine 
Connecticut 
Maine 


YCA® 
YCA= | 
YCA* 
YCAs 
YCA®* N. Carolina 
Louisiana 
Georgia 
Illinois 

N. Carolina 


Louisiana 


50+1 
18+1 
17+1 
92+1 
92+1 
851 
5.260 


Louisiana 
Delhi 
Babugark 
Addis Abbaba 
Ahwaz 

Rome 

Ankara 
Asmara 


PNINANBWB ISHS BHM wo 


00 
11+! 
5.121 
50+0 
00+1 


Hamedan 
Baghdad 
Bangalore 
Belgrade 
Utah 
California 
Karaj 


Arizona 


Iran 
Iraq 
India 


: 


Yugoslavia 
U.S.A. 
U.S.A. 
Iran 
U.S.A. 
U.S.A. 
U.S.A. 
Cyprus 


on 


42+0 


56+0 
48+0 
47 


Louisiana 
N. Carolina 
Nicosia 
Yesodot 


+] 
Israel 


U.S.A. 


ooo oo 


Kansas 47+0 
23 


78 


All Totals and Means . 
U.S.A. 
Old World 
All 


YCA 
SAA 
SAA 
SAA 


Totals and Means 5 
Totals and Mea 6.47 
Totals 6.25 


ns 
and Means 


*Host: Trifolium pratense. »bHost: Trifolium repens. 


DORSAL ABDOMINAL TUBERCLES 

The rather large number of  seta-bearing 
tubercles found on the dorsal surface of the 
abdomen (and of the thorax in apterae) is char- 
acteristic of the SAA and YCA, and distinguishes 
the subgenus (or genus) Pterocallidium. The 
dark areas that cover and surround these tubercles 
provide the for which the SAA was 
named. 


The 


spots” 


number of tubercles on each segment 


Identity of the Spotted Alfalfa Aphid 


Mean 


75+1.2 
4141.5 


441.5 


96+1.2 
5. 14+0.¢ 


77+ 1.53 


640.2% 


25+0.7 


65 


shows great individual variation among specimens 
and considerable variation among the various 
segments on a specimen. The number of tubercles 
found on an abdominal segment varies from 4 
(2 lateral and 2 dorsal) to 10 (2 lateral and 8 
dorsal). Despite the wide divergence of the 
extremes, the means are remarkably constant. 
As an example, all data from apterae for the 
number of dorsal tubercles give means: Abd. 


IlI:, YCA 5.56, SAA 5.66; Abd. IV: YCA 5.22 


0.22, 


Number of sensoria and percentage of length of segment covered by sensoria; 
ulations in several countries 


| 
Percent of Segment Covered 


Alatae 


Apterae Alatae 


Mean Mean Mean 
70.3244 

67.098 

65.58+5.7 

65.1626 

65.0343. 


O8 + 


39° 
41 
81 
50 
18 
13 


11.60+0 
11.00 
10.00 
9.20+0 
9.25+1.56 
8.87+0. 96 
9 62+1 
8.471. 2¢ 


om ON de tO 
— wm 


2S 


24 96+: 
643 
16+! 
03 + 


3 05+! 


—-—-— w 
wo 


ws 
——— Do — wo ww & 


[Nae 


7.90+0 
10+1 
25+ 1.36 
60+1 
25 
51+1.% 
80+1 
69+1 
84+1 3 
00+ 1 
12+0 
75 
320 
18+ 1 
29+1 
46+0 
9441.2 
591 
00+ 1 
10+ 1.2: 
10+0 


52.50 


2.22+3 5: 


16 
32 

9 
37 
10 


NN OW 59 © OO 3 OO O31 © O31 @ 


93 
206 
307 
513 


*Standard deviation 


SAA 5.29: Abd. V: YCA 5.36, SAA 5.39. Data 
from alatae for the same characters are similar 
and in the same order. Even though the means 
for this character from the SAA are consistently 
slightly higher than from the YCA, the means 
are so nearly identical that this character cannot 
be used to distinguish between the two species. 
Neither does it indicate any differences among 
the various geographic populations of either the 


YCA or the SAA. 
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COALESCENCE OF DORSAL SPOTS 

The dorsal tubercles of YCA and SAA are 
dark and are more or less surrounded by patches 
of darkened derm. These dark patches may be 
separate or may coalesce if enlarged or if the 
enclosed tubercles are near to each other. Data 
on this character was taken by recording what 
percentage of the spaces between tubercles were 
more than half filled in by darkened derm. 
Data obtained show wide variation so that 
standard deviations are almost uniformly high. 
They are very often half as large as the mean and 
frequently as large as the mean. Means of all 
data from apterae for percent coalescence: Abd. 
III: YCA 15.86, SAA 23.85; Abd. IV: YCA 16.70, 
SAA 24.84; Abd. V: YCA 12.27, SAA 32.75. 
Spotted alfalfa aphid definitely has more coales- 
cence of dorsal spots. The slightly larger number 
of tubercles in the SAA contributes to this as 
does a more extensive darkening of the derm 
around them. Corresponding data from alatae for 
the same character: Abd. III: YCA 7.62, SAA 
27.96; Abd. IV: YCA 5.87, SAA 24.34, Abd. V: 
YCA 4.15, SAA 19.01. This shows that the dots 
on alate YCA are conspicuously smaller than those 
on alate SAA. There is more contrast between 
the two species for this character in alatae than 
in apterae. The character is not good to separate 
individuals or even small populations because of 
the high variability even though the means 
appear to show a difference. Data for this 
character confirmed an observation that YCA 
collected in Louisiana were paler (had smaller 
spots on the dorsum) than the same species 
collected in other localities. 


VENTRAL ABDOMINAL DASHES 

On the ventral surface of each abdominal 
segment there is a row of setae. Each of these 
setae may have a dark ring or patch on the derm 
at its base. These patches, where they occur, 
may extend out to coalesce with the dark patches 
at the bases of other setae on the same segment to 
produce a transverse dash across the abdomen. 
The size of the dark dashes was measured by 
counting the number of setae contained in the 
largest dash on each segment. Since the setae 
are rather evenly spaced this gave an accurate 
measure. Data are shown in table 2. The 
darkening may be entirely absent or it may 
(rarely) coalesce so that all the ventral setae on 
a segment are included in a single dash. This 
character is very good when applied to specimens 
from the United States. Every mature SAA 
specimen that we have seen from this country 
has had dark dashes on the ventral surface of the 
abdomen, while no YCA has had more than 
isolated dots or a very occasional spot containing 
two adjacent setae. In the United States this 
is a hand-lens character easy to use in the field 
to separate SAA from YCA. 

The situation is not so simple when all SAA 
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populations at hand are considered. As is the 
case with the position of sensoria on Ant. III, 
American SAA populations are in the same 
range as populations from Israel and Cyprus. 
For this character the collections from Yugo- 
slavia, Italy and Ethiopia are most unlike the 
American form. Between these extremes are | 
found the populations represented by collections 
from Iran, India, Eritrea, Iraq, and Turkey. 
Locations in table 2 are arranged by the data 
for Abd. IV but this arrangement would not have 
been significantly altered if the data from one 
of the other segments had been used. This is a 
character that will separate YCA populations 
from SAA populations in all cases that we have 
been able to sample but this character alone 
could not be used to distinguish some individual 
specimens of the SAA (from the Italian or 
Yugoslavian populations, for instance) from 
certain specimens of YCA. 

Fortunately, those SAA populations nearest 
to the YCA for this character are quite distinct 
from the YCA when the character of the position 
of the sensoria on Ant. III is used. 


DISCUSSION 

All SAA in North America are probably 
descended from a single specimen accidentally 
introduced in 1953, although a small colony could 
have been introduced. Even if it was a small 
colony, the chances are good that the aphids in 
such a small group were all descended from a 
single female that lived a month or so earlier. 
The SAA now occupies an area in North America 
roughly 1800 miles north and south by 2400 miles 
east and west. Much of this area has had high 
populations of SAA from time to time in fields 
of favored hosts, mostly alfalfa. Such a large 
number of individuals should have allowed 
practically any genetic character or combination 
normal for this species to appear a number of 
times. The fact that all the collections from 
North America are still the same dark, sparsely- 
sensoriated form that was first found here should 
indicate that at least under our conditions this 
form is under no real disadvantage as compared 
with the paler forms with more sensoria found in 
some parts of the Old World range of the species. 
It is known that genetic change has occurred in 
the SAA since it arrived in North America. 
Strains of SAA about four times as resistant to 
organophosphorus insecticides as the original 
population appeared about 2 years after introduc- 
tion in areas where populations were subjected to 
heavy selection pressure by these chemical sprays 
(see Stern and Reynolds, 1958). 

Studies described above, particularly the studies 
of the position of ‘the sensoria on Ant. III and 
of the amount of darkening on the ventral 
surface of the abdomen, indicate that the SAA 
in North America came from an area in which the 
SAA resembles those we have studied from Israel 
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and Cyprus, and those of a small collection from 
Morocco not shown in the tables. Variation 
from our dark, sparsely sensoriated form occurs 
within the species and some populations from 
certain parts of the world are much nearer the 
YCA in appearance than are ours. There does 
not appear to be any indication that more than 
one species of SAA occurs. It just happened 
that the form introduced into North America 
was at or near the extreme end of variation for 
these two characters. 


Table 


Species Country Location Year Host 


M. sativa 
. Sativa 
. Sativa 


1955 
1955 
1956 
1955 
1954 
1956 
1955 
1956 
1956 
1955 
1955 
1956 
1956 
1955 
1956 
1955 
1955 
1956 
1955 
1955 
1955 
1956 
1955 
1956 
1956 
1956 
1955 
1956 
1956 
1956 
1956 


Yesodot 
Utah 


Louisiana 


Israel 
U.S.A. 
U.S.A. 
Cyprus 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.A. 
India 
Iran 


SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
SAA 
YCA 
YC 
YC 
YCA 
YC 
YC 
¥Cc 
vc 
YC 
YC 
YC 


Nicosia . Sativa 


Arizona . Saliva 
N. Carolina 
California 
Kansas 
Bangalor 
Ahwaz 
Hamedan 


. Saliva 
aliva 
saliva 

. Saliva 

. Saliva 

Iran . saliva 

Asmara saliva 

Babugark 

Delhi 

Baghdad 

Karaj 

Ankara 

Addis Abbaba 

Rome 


Belgrade 


Eritrea 
India . Sativa 
India salina 


Iraq saliva 


Iran sativa 
Turkey 
Ethiopia 
Italy 


Yugoslavia 


. Saliva 
. Saliva 
. Saliva 
. Sativa 
France i. prat. 
1S . repens 
prai 
prai 
prat 
repens 


N. Carolina 
Maine 
Connecticut 
Maine 
Georgia 

. repens 
. prat. 
‘, repens 
[. prat 


. pra 


Louisiana 
Illinois 
Louisiana 
N. Carolina 


Louisiana 


Pr Prrrrrr > > 
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Totals and Means 


> 


YC! 

(unweighted ) 

SAA Totals and Means 
(unweighted ) 

SAA Old World Totals and Means 


(unweighted ) 


SAA All Totals and Means 


unweighted) 
*Standard deviation. 


Yellow clover aphids found in North America 
all seem to belong to a single species. There had 
appeared to be a possibility that the YCA on 
Trifolium pratense in the northern United States 
was distinct from the YCA on T. repens in the 
southern part of the country. A survey showed 
that anywhere that the two plants occurred 
together either both or neither were infested by 
the YCA. In Louisiana and North Carolina 


Identity of the Spotted Alfalfa A phid 


» 2.—Number of setae contained in the largest ventral dash on Abd. IV, 
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the YCA was found on both clovers growing 
adjacent. At Gainesville, Florida, both host 
plants were found free from YCA. 

T. pratense is generally grown in more northerly 
locations than is 7. repens and is the primary 
host of the YCA over much of its range. In 
certain localities, as at Alapaha, Georgia, we 
were unable to find 7. pratense but did find a 
good population of YCA on T. repens. Data 
given by Peters and Painter (1958) indicated 
that their YCA did not live well on 7. repens so 


V, and VI of apterous YCA and SAA. 


Abd. IV Abd. V Abd. VI 


Mean Mean Mean 
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45+0 
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11+0.31 
23+0.42 
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14+0 98 
12+0.33 
10+0.30 
00+0 

00+0 


2 
) 
» 
1 
1 
I 
1 
I 
1 
1 


57 
370 
11+0.2 
00+0 
00+0 


it is possible that host-preference strains of the 
YCA are developing in this country. 


SCIENTIFIC NAME 

The spotted alfalfa aphid belongs in the tribe 
Panaphini (Callipterini) of the subfamily A phinae 
of the family Aphidae. It is one of a group of 
seven or eight Myzocallis-like species originally 
found in Europe, Asia, and Africa, on clovers and 
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related legumes. Three of these have been 
introduced into North America. These three 
are the yellow clover aphid, the sweetclover aphid, 
and the spotted alfalfa aphid. The entire group 
may be considered to constitute the genus 
Therioaphis, or it may be raised to the subfamily 
Therioaphidinae as Borner (1949, 1952) and 
Quednau (1954) did. If this group is considered 
to be a subfamily it may be split among the 
following genera: 

Therioaphis to include ononidis Kalt. 

Pterocallidium to include the SAA, maculata 
(Buckt.), and the YCA, trifolii (Monell). 

Triphyllaphis to include luteola Borner. 

M yzocallidium to include the sweetclover aphid, 
riehmi Borner. 

Rhizoberlesia to include trifolii del Guercio. 


The YCA was described by Monell (1882) as 
Callipterus trifolti. Data above show that the 
SAA is distinct from the YCA. Buckton (1899) 
described Chaitophorus maculatus from specimens 
collected on alfalfa at Jodhpur, India, in March 
1897. Recently, through the courtesy of P. Kapur, 
it has been possible to examine cotypes of 
maculata. As described by L. M. Russell (letter 
dated May 13, 1957), these ‘“‘consist of five 
apterous and part of one alate adult. They are 
in poor condition with antennae, legs, setae, and 
some bodies broken, and only a fragment of a 
wing present. There are no antennal segments 
beyond the third, but segment III is present in 
one apterous and in the alate specimen. Each 
third antennal segment has six medium-sized 
sensoria on the basal half. In one specimen the 
ventral abdominal sclerotized dashes are distinct 
but are narrower than in North American forms. 
In the other specimens the ventral sclerotized 
areas are smaller and are faint but are distin- 
guishable. The dorsal sclerotized areas are paler 
and smaller than in most North American speci- 
mens. Of course, these co-types have been in 
some preservative for many years and the color 
may have faded considerably. The co-types are 
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similar to many, though not all, specimens that 
we have from India. There is a considerable 
range among Indian collections, some of which 
are close to and some rather different from the 
North American form.” 

It is therefore reasonable to use the name 
Therioaphis maculata (Buckton) for the spotted 
alfalfa aphid, and to remember that it and the 
YCA belong to the subgenus Pterocallidium, so 
that if it becomes customary to split aphid genera 
into such small fragments the SAA will be called 
Pterocallidium -maculatum (Buckton) and _ the 
YCA known as Pterocallidium trifolium (Monell). 


REFERENCES CITED 

Borner, Carl. 1949. Kleine Beitrage zur Monographie 
der europaischen Blattlause. Beitr. taxonom. Zool. 
1: 44-62. 

1952. Europae centralis aphides. Die  Blattlause 
Mitteleuropas: Namen, Synonymie, Wirtspflanzen, 
Generationszyklen. Schr. Thuring. Land-Arb- 
Gemeinsch. Heilpflanzenk. Heft 4 (Mitt. Thtring. 
bot. Ges., Beiheft 3). 484 pp. 

Buckton, G. B. 1899. Notes on two species of aphids. 

Indian Mus. Notes 4(5}: 277. 

Deal, Andrew S., R. C. Dickson, and H. T. Reynolds. 
1954. Yellow clover aphid in state. California 
Agric. 8(9): 5. 

Dickson, R. C., E. F. Laird, Jr., and G. R. Pesho. 1955. 
The spotted alfalfa aphid (yellow clover aphid on 
alfalta). Hilgardia 24(5): 93-118. 

Monell, Joseph. 1882. Notes on Aphididae. 
Ent. 14: 13-16. 

Peters, Don C., and R. H. Painter. 1957. A general 
classification of available small seeded legumes as 
hosts for three aphids of the vellow clover complex. 
Jour. Econ. Ent. 50(3): 231-35. 

1958. Studies on the biology of three related legume 
aphids, in relation to their host plants. Kansas 
Agric. Expt. Sta. Tech. Bull. 93: 1—44. 

Quednau, Wolfgang. 1954. Monographie der mittel- 
europdischen Callaphididae (Zierlause (Homoptera, 
Aphidina) ) unter besondere Beriicksichtigung des 
ersten Jugendstadiums. I. Die junglarven des ersten 
Stadiums der mitteleuropaischen Callaphididae. Bitt. 
biol. Zentralanstalt f. Landu. Forstw., Heft 78. 55 
pp., 9 pls., 44 figs. 

Stern, Vernon M., and H. T. Reynolds. 1958. Resistance 
of the spotted alfalfa aphid to certain organophos- 
phorus insecticides in southern California. Jour. Econ. 
Ent. 51(3): 312-16. 


Canadian 


NOTICE TO NON-MEMBER SUBSCRIBERS 


Beginning in 
SOCIETY OF 


will be $15.00 each per year, domestic; $15.60 each per year, foreign. 


1959, subscriptions to the ANNALS OF THE ENTOMOLOGICAL 
AMERICA and to the JOURNAL OF ECONOMIC ENTOMOLOGY 


A single order for both 


publications, if sent to the same address, may be obtained at a combination price of $27.00 


per year, domestic; $28.20 foreign. 





HETEROGONY IN DRYOCOSMUS (HYMENOPTERA, CYNIPIDAE)' 


RICHARD L. DOUTT? 


University of California, Berkeley 


ABSTRACT 


Laboratory experiments show that adults of Dryocos- 
mus dubiosus (Fullaway) reared from ament galls of the 
California live oak, Quercus agrifolia Née, are bisexual. 
The females from this generation oviposit in the leaf 
veins of black oaks where they produce an agamic genera- 
tion of females in characteristic bicornate galls. The 
females produced in these leaf galls were formerly thought 


Alternation of generations is known to occur in 
several American species of gall wasps, and this 
habit is suspected to exist in many more. It is 
a spectacular phenomenon, for the females of 
any one generation resemble their grandmothers 
and grandaughters yet are completely unlike 
both the parental generation and their own im- 
mediate progeny. These differences are seen 
not only in adult morphology but also in location 
and type of galls and in the alternation of uni- 
sexual and bisexual populations. The taxonomic 
relationship of one generation to the next is not 
readily apparent, and therefore it is understand- 
able that the individuals representing the two 
distinct broods have occasionally been described 
as separate species. Although Kinsey (1920) 
considered this heterogony to be merely an ex- 
treme case of seasonal dimorphism, it seems to 
have deeper significance and may play an essential 
role in the survival of a species. For example, 
this may be illustrated by the present case of 
Dryocosmus dubiosus (Fullaway) where the bi- 
sexual generation is bred from the staminate 
aments or male flowers of black oaks, and the 
alternate agamic generation is reared from galls 
that develop on leaf veins. Here the bisexual 
generation retains for the species the recognized 
advantages of amphimixis, permits a rapid ex- 
pansion of the population, and removes an entire 
generation from attack by most of the complex 
of parasitic species found on the longer exposed 
agamic form. The population developing on the 
aments is also protected from the hazards of 
competition and destruction on leaves which may 
occur through the action of periodic defoliators 
of California live oaks, such as the dioptid, 
Phryganidia californica Packard. The alter- 
nating agamic generation, on the other hand, 
provides an entire population of females that can 
efficiently search out and utilize oviposition sites 
in the nutritious, evanescent aments without 
the deterrent of first finding mates. 

Experimental proof of the alternating genera- 
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to be Dryocosmus bicornis (McCracken and Egbert), but 
now must be considered as the agamic generation of 
D. dubiosus. The agamic generation is composed of 
two types of females, one producing only males and the 
other producing only females. Both generations are 
attacked by the parasite, Torymus fullawayi (Huber). 


tion is surprisingly difficult to obtain, for cynipids 
are not easily cultured. Of the 500 or more 
recorded American. species, Kinsey (1920) noted 
that the life cycle of only 10 or 11 had been 
determined and some of these more or less incom- 
pletely. McCracken and Egbert (1922) stated 
that ‘‘For no California species has a life history 
been completely worked out or alternation of 
generations been demonstrated.”’ This condition 
had changed but little in 1957 when Weld reported 
that ‘‘three such alternations are listed in the area 
based on circumstantial evidence only, not on 
controlled experiment.’’ These three supposedly 
heterogonous species are Loxaulus_ trizonalis 
Weld, Antron douglasii (Ashmead), and Antron 
echinus (Ashmead). 

It has recently been estimated that fully one- 
third of the oak galls of the Pacific Slope remain 
undescribed, and consequently there are many 
opportunities for conventional taxonomic studies 
among these phytophagous Cynipidae. The 
real challenge to biologists, however, is the 
necessity of studving the life history of the species 
in this group (Weld, 1957). In view of this 
somewhat neglected field it seems particularly 
worthwhiie to report some observations on gall 
wasps that were made collaterally during a study 
of the parasites of these Cynipidae. In the course 
of this investigation it was suspected that two 
species of gall-making Dryocosmus are actually 
the alternating generations of a single species. 
Experiments were designed to test this hypothesis 
and the results are discussed herein. 

The events leading up to the discovery of 
heterogony in the gall wasps began in 1840 when 
Hartig reported the impressive fact that he had 
examined at least 15,000 specimens of a cynipid 
genus without ever discovering a male. He 
furthermore collected 28,000 galls of a single 
species and from them reared almost 10,000 
wasps, all of which were females. He concluded 
that these insects were agamous and males were 
non-existent. 

In 1861 Baron Osten Sacken reported that 
from a singular, spindle-shaped gall on the red 
oak he reared a male cynipid which closely 
resembled Amphibolips confluenta (Harris), a 
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species known in the female sex only. Osten 
Sacken suggested that if this proved to be the 
male of the supposedly agamic species it would 
show that males were produced in galls different 
from those of the females. This he said would 
explain Hartig’s rearing of only the female sex 
from one type of gall. 

Furthermore, Osten Sacken noted that Dryo- 
cosmus palustris (Ashmead) emerged very early in 
the season even before the leaves were developed. 
He asked, ‘‘May not this gall-fly have a second 
generation and if it has, may not the gall of this 
second generation be different from the first, 
produced, as it would be, under different cir- 
cumstances in a more advanced season, perhaps 
on leaves instead of buds, etc. ?” 

Walsh (1864) reported the discovery of two 
very different forms of adults, one agamic and the 
other bisexual, emerging at different times of the 
year from very similar if not identical galls of 
Amphibolips confluenta. Kinsey (1920) com- 
ments, that ‘‘The work was undoubtedly exact as 
far as it went and, if it covers the complete life 
cycle of the species, it furnishes the first completed 
record of alternation. But Walsh, though he 
attempted to control the insects by confining 
them in nets placed on the trees, was unable to 
discover oviposition and it is not yet satisfactorily 
shown that the complete life cycle of the species 
has been discovered.”’ 

The actual discovery of heterogony in Cynip- 
idae has been attributed to Homer F. Bassett, 
librarian in the town of Waterbury, Connecticut 
who observed (1864) that the wasps reared from 
woolly galls on aments oviposited into the cups 
of acorns. It was not until 1873, however, that 
Bassett and Riley confirmed the fact that the 
wasp from the acorn gall produced the woolly 
galls on the aments. 

The most elegant of the early workers was 
Hermann Adler, a physician at Schleswig, who 
undertook the rearing of successive generations 
of cynipids. In 1877 he made the first report of 
his work and, when in 1881 he published a more 
complete account, he immediately attracted 
attention from biologists all over the world 
(Kinsey, 1920). The abundance of his obser- 
vations with a number of different species clearly 
showed alternation of generations in the Cynip- 
idae to be a fact. None of the later work has 
been as important nor as convincing as that done 
by Adler. 

The present study is concerned with field 
observations and laboratory experiments on two 
forms in the genus Dryocosmus that attack black 
oaks in California. These gall wasps have been 
known as Dryocosmus dubiosus (Fullaway) and 
D. bicornis (McCracken and Egbert). 

BISEXUAL GENERATION:—Dryocosmus dubiosus 
(Fullaway) was described in 1911 as a gall maker 
on the staminate aments (figs. 1, 2) of the Coast 
live oak, Quercus agrifolia Née. Later it was 
reported by McCracken and Egbert (1922) as 
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also making galls on the edges of leaves. Weld 
(1957) extended the host range to another black 
oak, Quercus Wislizenii A.DC. Field obser- 
vations have shown that the leaf galls are formed 
only on the very young and tender growth that 
appears early in the spring and accompanies the 
production of the male flowers. These galls 
cause a very severe distortion (fig. 3) of the tender 
leaves and may cause them to wither and die. 
The galls on the aments and new leaves develop 
very rapidly and give rise to the bisexual gen- 
eration of D. dubiosus. In 1958 the galls on the 
aments were first noted in February and emer- 
gence of both sexes of the wasps occurred in the 
laboratory during the first week in March. 
Trees growing on north-facing slopes, at higher 
elevations, or in deep, cool canyons were delayed 
in flowering, and galls containing larvae and 
prepupae were collected from such locations as 
late as the first week in May. Although precise 
quantitative data are lacking, it appeared evi- 
dent that the peak of the bisexual generation had 
completed its emergence before the middle of 
April, and collections after that date consisted 
only of stragglers from the retarded growth 
locations. 

AGAMIC GENERATION:—Dryocosmus _ bicornis 
(McCracken and Egbert) was described from 
females cut from characteristic bicornate galls 
which occur on the veins on the lower surface of 
the leaves of Q. agrifolia (fig. 4). The adults are 
all females, and are distinct from the females of 
D. dubicsus that are bred from ament galls. The 
morphological differences account for their orig- 
inal placement in separate genera. D. dubiosus 
was first described as a species of Diplolepis, 
and later it was transferred by Felt (1940) to 
Dryophanta. On the other hand, D. bicornis was 
originally described as a member of the genus 
Callirhytis. Both species were later correctly 
placed in Dryocosmus by Weld (1951, 1952, 1957). 

The results of breeding experiments now indi- 
cate that the supposedly separate species are in 
reality alternating generations of a single species. 
Because of priority the name to be given this 
single species is Dryocosmus dubiosus (Fullaway), 
although it does seem unfortunate to discard the 
particularly descriptive ‘‘bicornis”’. While Kinsey 
(1920) has presented arguments for the use of 
trinomials in designating the alternating genera- 
tions it seems preferable to follow the policy of 
Weld (1951) and adhere to the binomial, but 
indicate whether the form is representative of 
the bisexual or agamic generation. Actually the 
terms ‘sexual’? and ‘‘agamic’’ which have been 
used to designate the alternate generations may 
be open to some minor criticism. An agamic 
generation is, after a“, sexual, and therefore a 
more accurate system for designating the gen- 
erations would be to use either the combination 
of bisexual and agamic or the terms bisexual and 
unisexual. 

The evidence on which the presently proposed 
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grouping of the two forms under D. dubiosus is 
based was obtained by rearing the wasps from 
the ament galls, and then permitting them access 
to small seedling oaks. These seedlings were 
from acorns of the 1957 crop, planted in verrnic- 
ulite in December in a greenhouse, and fed with 


Fic. 1. 


Fic. 2. 


Staminate aments bearing galls of bisexual generation of 
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position was from a position on the underside of 
the leaf although a few individuals were observed 
to oviposit from a position on the upper surface. 
At the time of oviposition the seedlings were still 
straight unbranched shoots, and the females 
restricted their oviposition to the leaves growing 


Normal staminate aments of Quercus agrifolia Née 


¢ 


Dryocosmus dubiosus (Fullaway) 


Hoagland’s nutrient solution to maintain active 
and rapid growth. By April the seedlings were 
12 to 14 inches high and growing vigorously. 
When the newly emerged gall wasps were caged 
on the oaks they immediately began ovipositing 
in the lateral veins of the leaves. Most ovi- 


on the upper third of the plant. The caged 
plants received excessive oviposition and a con- 
siderable amount of leaf damage resulted. The 
veins became noticeably brown in color and 
distinct scars appeared along the sides. Numer- 
ous drops of fluid exuded from the veins on the 





underside of the leaves where they had been 
punctured. This characteristic scarring and the 
exudation from the oviposition wounds were 
observed in the field during May and June * 
Eggs deposited in the caged plants remained 
unhatched for a surprisingly long period even 


Table 1.—Sex ratios of D. dubiosus reared 


D. dubiosus 


g 


Termina! 


—— ee 
ote ee 


1+ OW 
Se 101 De 


Das 
~ o9 
bo 
aK 


Sue ONS SO 
~] 


y 
NNW eK NN Oe eb 


under the accelerated conditions of the green- 
house. Data indicate that some hatching will 
occur in 65 days, but most of the eggs require a 
longer period, usually exceeding 80 days. Once 
the gall appears on the leaf vein its development 
is quite rapid. At first it is green in color and the 


3In reviewing this manuscript Dr. Lewis H. Weld 
called my attention to an interesting incident which 
shows that the alternation has been suspected in this 
species for a long time. Dr. Weld mentions that in 
January 1924 he received a letter from Dr. Burke who 
wrote that ‘‘before Hartman left for Sacramento Nursery 
he did some work with this ‘bicornis.’ The galls color the 
leaves yellow and make the trees look very ragged at this 
time of year. Many of the leaves fall prematurely and 
owners of the trees think they are dying. Hartman 
thought there was an alternation of generations, one in 
flower galls in the spring and one in these leaf galls. 
He found insects from the flower galls ovipositing in the 
midribs of the leaves where these leaf galls come."’ 

The most remarkable information of all was received 
after this manuscript was accepted for publication. 
Mr. Robert J. Lyon (Life Science Dept., Los Angeles 
City College), working independently and without 
knowledge of my work, simultaneously obtained evidence 
of the alternation of generations in D. dubiosus. In 
February and March of 1958, Mr. Lyon reared 400 D. 
dubiosus, males and females, from the galls on the new 
leaves of Quercus agrifolia. He placed these in bags on 
the leaves of the same trees from which the insects were 
reared. He observed the females ovipositing in the 
veins on the undersurfaces of the leaves. In May the 
galls of D. bicornis appeared on these leaves. It is a 
pleasure to share this discovery of heterogony in Dryo- 
cosmus with Mr. Lyon. 
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single larval cynipid which it contains is immersed 
in a milky white fluid. In about 5 days the gall 
reaches its maximum size and the larva enters its 
last instar. At this time a number of red streaks 
appear in the gall giving it a generally pinkish 
hue. In 10 or 11 days after their appearance on 
the leaves the galls are easily dislodged and may 
drop to the ground. If they remain on the 
leaves they become dry, wrinkled (fig. 4), and 
turn brown in color. At this time the larva 
within the gall is fully fed, mature, and rests 
within a hard central, spherical cavity. 

No galls in the field have been found on the 
upper surface of the leaf, except for the related 
species, Dryocosmus minusculus Weld. Under the 
artificial conditions of the laboratory a single gall 
of the typical “‘bicornis’”’ structure did develop on 
the upper surface. It will be recalled, supra, that 
a few females were observed to oviposit in the 
upper leaf surface, and this may be the cause of 
the abnormally located gall. Field observations 
also indicate that the normal galls tend eventually 
to fall to the ground, and the ones that remain 
on the leaves are normally those which have been 
parasitized either by the cynipoid genus Synergus 
or by one of several chalcidoids. 

The females from the bisexual generation bred 
out of the ament galls readily oviposited in the 
laboratory on leaves of Quercus agrifolia, and Q. 
Wislizenii. Oviposition was also observed in Q. 


Kelloggii, but the stimulus for oviposition here 


was not so striking. Attempts to get oviposition 
in the white oaks, Q. lobata and Q. dumosa, were 
failures. 

Virgin females from the bisexual generation 
oviposited in the black oaks as readily as did those 
that were mated. No difference in behaviour 
was noted, although no galls developed from the 
ovipositions of the virgin females. This is ap- 
parently an exception to the general rule in the 
Hymenoptera where unfertilized eggs will never- 
theless develop parthenogenetically into males. 
A few males were found by Patterson (1928a) to 
occur in the agamic generation of Neuroterus 
contortus (Weld), but they were functionless. In 
fact, Patterson showed that both the males and 
females of this “‘agamic’”’ generation had lost the 
mating instinct. 

The females of the agamic generation of D. 
dubiosus are of two types, one male-producing 
and the other female-producing. The existence of 
two such types of agamic females was first 
reported by Patterson (1928a) in N. contortus. 
Data indicate that the same phenomenon occurs 
in D. dubiosus. To test this notion the flowering 
terminals of Q. agrifslia were collected in the 
field and individual catkins bearing galls were 
isolated. The emerging gall wasps were sexed, 
and it is apparent from table 1 that each series 
of catkins from a single terminal produced indi- 
viduals of the same sex. It is unlikely that more 
than one female oviposited in a single catkin, and 
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apparently also only a single female normally 
finds a flowering terminal. Therefore the data 
indicate that the females from the agamic 
“bicornis” galls produce either males or females 
but not both. Patterson (19285) believes this 
characteristic habit of a given female producing 


Fic. 3. 


Heterogony in Dryocosmus 


73 
marked contrast with the primitive cynipids 
which exhibit a single bisexual generation annually 
and develop by facultative parthenogenesis. 
Patterson (19280) was unable to explain the nature 
of the difference between the two types of agamic 
females and the present study also offers no 


-Distorted leaf of QO. agrifoliatwith gall of bisexual generation of D. dubiosus. 


Fic. 4.—Bicornate galls on under surface of mature leaves which produce agamic generation 


of D. dubiosus. 


but one kind of egg has evolved from a condition 
in which such a female laid both male- and female- 
producing eggs. Patterson further believes that 
in the more highly specialized Cynipidae males 
are never found and development is exclusively 
by thelyotokous parthenogenesis. This is in 


solution. It is worth mentioning at this point 
that in the dipteran genus Sciara the species 
which produce unisexual progenies are composed 
of two types of females, respectively male- 
producing and female-producing (White, 1954) 
It is also interesting to note that Flanders (1958) 
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in experimenting with normally thelyotokous 
parasitic encyrtids has been able to obtain males 
from females that are reared under high tem- 
peratures. Therefore it may be that extrinsic 
factors determine which sex a given D. dubiosus 
will produce. The problem merits further study. 

PARASITISM:—Even though the development of 
the bisexual generation in the evanescent male 
flowers is necessarily brief, it is an exposure of 
sufficient duration to permit considerable para- 
sitization. From the catkins listed in table 1 a 
total of 12 female and 109 male Torymus fulla- 
wayi (Huber) were reared. These parasites were 
found to be present on 80.9 percent of the ter- 
minals, and to have found host galls on 60 percent 
of the catkins. 

Torymus fullawayi is also found on the agamic 
generation and appears to be the only parasite 
which attacks both generations of D. dubiosus. 
The agamic generation is attacked by a fasci- 
nating complex of Synergus, Eupelmus, several 
Eurytomids and Pteromalids whose interrelations 
have not yet been satisfactorily worked out. 
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SCORPIONS, CENTIPEDES AND 
MITES. THE ECOLOGY AND NATURAL HIS- 
TORY OF WOODLICE, “MYRIAPODS" AND 
ARACHNIDS, by J. L. Ctoups_rey-THompson. 
1958. 228 pp+xiv+xvii Plates. Pergamon Press, 
New York. $9.00. 


Perhaps a better title for this book would have been, 
‘Terrestrial arthropods, exclusive of insects’', since it 
does discuss or at least mention all of the terrestrial or 
semiterrestrial arthropods except the terrestrial crabs 
and the amphipods that in Australia replace their isopod 
cousins, the woodlice. 

A short introduction that discusses the problems pre- 
sented by the environment to terrestrial arthropods is 
followed by a series of systematic treatments of each 
group which is then terminated by a succinct epilogue 
that mentions the general solutions that have been 
evolved for handling the environmental problems. 
Each of the systematic sections is subdivided as 
follows: classification and distribution, general be- 
havior, food and feeding habits, enemies, reproduc- 
tion and life cycle, and bibliography. The groups 
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Monograph of the gall-making 
California. Ann. Ent. 


two 


Privately pub- 
Privately 


Animal cytology and evolution. 
Cambridge University Press. 


discussed are: woodlice, millipedes, centipedes, pauro- 
pods, symphylans, scorpions, solpugids, pseudoscorpions, 
palpigrades, whip-scorpions, schizomids, amblypygids, 
ricinulids, phalangids, spiders, and acarines. A 
general bibliography of 23 titles, a systematic index, 
a glossary and index of scientific terms, and an index 
of general topics complete the book. 

Each group is discussed in extremely general terms. 
Natural history is emphasized rather than the scientific 
aspects of systematics, ecology and ethology. Despite 
the general and popular approach, however, the book is 
quite scholarly in the sense that it is well documented. 
The author does discuss, as examples, some specific 
investigations that are presented in scientific terms. As 
a whole, the book is unique in its coverage. It should 
be read by all zoologists and entomologists who have 
not had the time to consider the more specialized publica- 
tions in each group. Many fascinating problems are 
presented by this poorly known assemblage of arthropods. 
The reader is sure to find something here that will 
interest and fascinate him. 

t 
GEORGE W. WHARTON. 





THE NORTH AMERICAN SPECIES OF TRIGONURA 
(HYMENOPTERA, CHALCIDIDAE)'! 


B. D. BURKS 


Entomology Research Division, Agricultural Research Service, U. S. Department of Agriculture 


ABSTRACT 


Males and females of six species are keyed out, and 
each species is described and its known distribution 
reported. All are parasites on wood-boring Coleoptera. 
T. algerti (Texas to California), 7. ulmi (Quebec to 


The chalcidid subfamily Brachymeriinae in 
North America includes four genera, Brachymeria 
Westwood, Phasgonophora Westwood, Acantho- 
chalcis Cameron, and Trigonura Sichel. The 
species of Brachymeria are primary or secondary 
parasites of Lepidoptera and Diptera, but the 
species of the other three genera are, so far as is 
known, primary parasites of Coleoptera devel- 
oping in wood or under bark. 

In the United States and Canada the species of 
Trigonura have commonly been reared during 
investigations of forest and shade tree pests. 
Their hosts have been buprestids, curculionids, 
and (questionably) scolytids. Trigonura is world 


wide in distribution; most of the reared species 
from outside the United States and Canada have 


emerged from Buprestidae. 

The present paper describes the six species of 
Trigonura which occur in North America north 
of Mexico. Three of these species are new. 


Genus Trigonura Sichei 

Phasganophora subg. Trigonura Sichel, 1866, Ann. Soc. 
Ent. France (4) 5: 374, 358, 376. 

Trigonura Sichel, Kirby, 1883, Jour. Linn. Soc. London, 
Zool. 17: 59; Dalla Torre, 1898, C2*. ‘iymenop. 5: 372; 
Ashmead, 1904, Mem. Carnegie * 1: 249, 250, 392; 
Schmiedeknecht, 1909, Gen. Ins., tase. 97:19, 22; 
Gahan and Fagan, 1923, Bull. U. S. Natl. Mus. 124: 
149; Mani, 1938, Cat. Indian Ins., pt. 23:50 (T7ri- 
goneura); Steffan, 1950, Bull. Soc. Ent. France 55: 147; 
Peck, in Muesebeck et al., 1951, U. S. Dept. Agric. 
Monogr. 2: 586. 

Type: Phasganophora (Trigonura) crassicauda Sichel; 
monotypic. 

Bactrochalcis Kieffer, 1912, Ann. Soc. Ent. France 80: 
463; Gahan and Fagan, 1923, Bull. U. S. Natl. Mus. 
124: 21; Steffan, 1950, Bull. Soc. Ent. France 55: 147. 

Type: Bactrochalcis reticulata Kieffer; monotypic. 

Centrochalcis Cameron, 1913 (not 1905), Indian Forest 
Rec., Ent. 4: 92; Waterston, 1922, Indian Forest Rec., 
Ent. 9: 10; Gahan and Fagan, 1923, Bull. U. S. Natl. 
Mus. 124: 28; Mani, 1938, Cat. Indian Ins., pt. 23: 50; 
Steffan, 1950, Bull. Soc. Ent. France 55: 147. 

Type: Centrochalcis ruficaudis Cameron; monotypic. 

Centrochalcidea Gahan and Fagan, 1923, Bull. U. S. Natl. 

Mus. 124: 28; Steffan, 1950, Bull. Soc. Ent. France 
55: 147. (New name for Centrochalcis Cameron 1913, 
not 1905.) 


The members of the genus Trigonura may be 
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North Carolina, also Illinois and Iowa), and 7. pini 
(California to British Columbia) are new species; 7. 
elegans (Prov.) (=T. hicoriae Roh.), new synonymy. 


distinguished from all other Chalcididae (s. s.) 
by the following combination of characters: 
Head with frons rounded anteriorly, not flat; 
antennae inserted approximately in center of 
frons; scrobe cavity relatively narrow, not oc- 
cupying as much as half the space on the frons 
between the compound eyes; scrobe cavity ex- 
tending dorsally to anterior ocellus, sidewalls of 
scrobe vertical throughout, surface at bottom of 
scrobe cavity with at least a few transverse rugae; 
an anteriorly flattened, triangular, interantennal 
process present, this from 144 to 1% as long as 
scrobe cavity; antenna with scape of female 
slender but relatively short, not reaching level of 
vertex, male scape stout but neither greatly 
widened nor foliaceous; pedicel cupshaped, small; 
one distinct ring segment present; funicle of 
female with seven relatively slender segments, 
male with seven slightly stouter segments; club 
with three segments, divisions between segments 
often obscure; clypeus almost or quite fused with 
face, clypeal margins sometimes faintly and in- 
completely indicated; labrum distinct, semi- 
circular; median area of occiput vertical, provided 
with vertical, parallel and closely set rugae; 
lateral and anterior exposed surfaces of head with 
umbilicate punctation, lateral margins of cheeks 
strongly carinate. Anterior coxa bearing a flange 
which covers base of trochanter, anterior margin of 
this coxa with a low, transverse lamina which 
meets the ventral margin of head in repose; pro- 
notum transverse, narrow on meson: dorsal 
surface of prothorax and mesothorax with closely 
set, umbilicate punctation, punctures in median 
area large and tending to coalesce to form short, 
transverse ridges; lateral area of pronotum flat, 
surface not umbilicate punctate; mesopleuron, 
except for mesopleural furrow, with umbilicate 
punctation, furrow oblique, its surface with cross- 
rugae, spaces between rugae smooth or minutely 
and lightly sculptured; metepisternum with um- 
bilicate punctation; forewing with marginal vein 
approximately 14 as long as submarginal, post- 
marginal 44 to 4 as long as marginal, stigmal 
equal to or shorter than postmarginal; posterior 
margin of scutellum not laminate, toothed, or 
spined; all trochanters slender at bases, enlarged 
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apically; hind femur enlarged and bearing 8 to 14 
small ventral teeth, basal tooth not greatly larger 
than others; hind femur never with an apical 
yellow spot; hind tibia arcuate, its apex acuminate 
and without discernible spurs. Propodeum usu- 
ally with a small, toothlike projection lateral to 
each spiracle; gaster sessile; ovipositor enclosed 
by the elongate seventh gastral tergite; seventh 
tergite stylate, with a median, longitudinal, dorsal 
carina; cerci located approximately in the middle 
of seventh tergite; ovipositor not exserted and 
not downcurved at apex. Male with apex of 
gaster truncate, seventh tergite not greatly ex- 
ceeding sixth, posterior margin of seventh tergite 
sometimes located anterior to posterior margin 
of sixth. 


KEY TO SPECIES 
Females 
Males 
Pronotum with a median, dorsal depression; occiput 
with closely set, vertical carinae, fig. 1 Dida 
Pronotum without a median, dorsal depression; 
occiput with both vertical carinae and umbilicate 
punctures, fig. 2.... 4 
Gaster usually mostly or entirely red; dorsal area 
of first gastral tergite smooth or with minute 
alveolar sculpture faintly indicated; seventh 
gastral tergite four times as long as fifth at meson 
californica Rohwer 
Gaster usually black with apex red; dorsal area of 
first gastral tergite with rugulose sculpture over 
basal two-thirds; seventh gastral tergite six 
times as long as fifth at meson. algerti, new species 
Gaster slender, seventh gastral tergite longer than 
sixth, fig. 3 tarsata (Dalla Torre) 
Gaster more stout, seventh gastral tergite shorter 
than sixth, fig. 4 5 
Forewing with a distinct brown cloud behind 
marginal vein and around stigmal vein; pro- 
podeum without lateral toothlike projections 
elegans (Provancher) 
Forewing without a distinct cloud, although there 
may be faint shading around stigmal vein; pro- 
podeum with a small, toothlike projection lateral 
to each spiracle 6 
Funicle segments 1 to 5 bright red-tan, apical two 
funicle segments and club usually dark brown 
to black, occasional specimens with entire 
flagellum red-tan; seventh funicle segment as 
broad as long. ulmi, new species 
Entire antenna black; seventh funicle segment 
broader than long pini, new species 
Vertex with vertical striae, fig. 1; sixth gastral 
tergite projecting slightly farther posteriorly 
than seventh, fig. 5; greatest width of inter- 
antennal process equal to or greater than width 
of one antennal fossa 8 
Vertex with vertical striae and umbilicate punc- 
tures intermixed, fig. 2; sixth gastral tergite not 
projecting so far posteriorly as seventh; width 
of interantennal process greater than width of 
one antennal fossa... . 9 
Dorsobasal area of first gastral tergite strongly 
sculptured; interantennal process narrower than 
fossa of one antenna algerti, new species 
Dorsobasal area of first gastral tergite weakly 
sculptured, almost smooth; interantennal process 
as wide as fossa of one antenna. californica Rohwer 
Surface within scrobe cavity at apex minutely 
reticulated, mat. : pini, new species 
Surface within scrobe cavity shining 10 
10. Forewing with brown shading present in area 
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around stigmal vein and posterior to marginal 
vein... , elegans (Provancher) 
Forewing not shaded or with very taint shading 
around stigmal vein. 4 Eo ; 11 
Propodeum with a slightly irregular, median, 
longitudinal areola which extends from near 
the anterior margin to the posterior margin, 
ee, Seeale tarsata (Dalla Torre) 
Propodeum with a broad, irregularly rhomboidal, 
inedian areola in the basal half, fig. 7 
ulmi, new species 


Trigonura californica Rohwer 
Trigonura californica Rohwer, 1917, Proc. U.S. Natl. Mus. 

53: 171; Ruhl, 1921, Soc. Ent. 36: 16; Burke, 1929, U.S. 

Dept. Agric. Tech. Bull. 83: 26; Peck, in Muesebeck 

et al., 1951, U. S. Dept. Agric. Monogr. 2: 586. 

FEMALE.—Length 5 to 8 mm. Black, with 
antennae, tegulae, wing veins, legs, and gaster 
dark red-brown, antennae sometimes almost 
black, and hind coxae and femora sometimes 
darker than rest of legs. Head and thorax dull, 
legs and gaster shining; pubescence silvery. 

Antennae inserted at level of ventral margins 
of compound eyes; interantennal process as wide 
as one antennal socket and one-third as long as 
scrobe cavity, lateral margins of scrobe cavity 
almost straight, slightly sinuate toward bases of 
antennae; entire bottom area of scrobe cavity 
with closely set, parallel, transverse rugae, median 
vertical carina of scrobe cavity wanting or oc- 
casionally faintly indicated near apex of inter- 
antennal process; antenna with first funicle seg- 
ment not constricted at base, funicle segments 1 
through 6 equal in length, segment 7 slightly 
shorter; median area of vertex with closely set, 
vertical carinae; an irregular, arcuate carina on 
margin of vertex just posterior to lateral ocelli. 

Pronotum with a median, dorsal depression; 
mesopleural furrow usually with a few cross- 
rugae, sometimes with none, most of surface 
within furrow smooth and shining; anterior coxa 
with a recurved lamina along anterior margin, 
flange covering base of trochanter separated from 
anterior margin of coxa by a space one-half as 
great as width of flange; mesosternum with a 
small, median tooth on anterior margin; forewing 
generally but faintly shaded, this shading usually 
more distinct along paths of obsolete veins; hind 
femur with 8 to 12 ventral teeth. 

Propodeum with a small, toothlike projection 
lateral to each spiracle; gaster 114 to 14% times as 
long as thorax and propodeum; dorsal surface of 
first gastral tergite either entirely smooth or 
faintly reticulated basally, median area glabrous, 
lateral areas densely setose; tergites 2 to 5 with 
median area asetose, laterally setose, tergites 6 
and 7 completely setose; length of seventh 
tergite 144 to 1% times as long as sixth; cerci 
located slightly anterior to midpoint between 
base and apex of tergite 7. 

MALE.—Length 5to7 mm. Color of antennae, 
legs, and gaster darker than in female, apex of 
gaster always black; antennae inserted slightly 
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above level of ventral margins of compound eyes; 
antennal scape flattened and smooth laterally; 
funicle segment 1 constricted at base, funicle 
segments otherwise stouter but of the same 
lertgths as in female; lateral margins of scrobe 
cavity slightly sinuate just dorsal to level of 
radicles; gaster as long as thorax and propodeum. 
Type locality.—Placerville, California. 
Types—U. S. N. M. no. 19636; 
allotype o’, 3 2 paratypes. 
Distribution.—Ariz., Calif., Ore., Utah. 
Hosts.—Chrysobothris mali Horn, C. femorata 
(Olivier), C. sp. 


type 9, 


Trigonura algerti, new species 


FEMALE.—Length 5 to 8 mm. Black, with 
bases of antennal scapes, tegulae, wing veins, legs 
except for femora, and venter and apex of gaster 
dark red-brown; femora usually black except 
narrowly red-brown at bases and apices, but 
occasional specimens with antennae, legs, and 
gaster entirely red-brown. Head and thorax dull, 
legs and gaster shining; pubescence silvery, 
slightly coarser and longer than in californica. 

Antennae inserted at level of ventral margins 
of compound eves; interantennal process as wide 
as one antennal socket and one-third as long as 
scrobe cavitv; lateral margins of scrobe cavity 
almost straight, slightly sinuate toward bases of 
antennae; bottom surface of scrobe cavity with 
closely set, parallel, transverse rugae; median, 
vertical carina of scrobe cavity vague and incom- 
plete or wanting; antennae with first funicle seg- 
ment slightly constricted at base, segments 1 to 4 
equal in length, 5 to 7 slightly shorter; median 
area of occiput with closely set, vertical rugae; 
an irregular, arc-shaped carina on margin of 
vertex just posterior to lateral ocelli. 

Pronotum with a median, dorsal depression; 
mesopleural furrow with a few vague cross-rugae, 
rest of surface smooth; anterior margin of front 
coxa produced as a simple, non-recurved lamina, 
flange covering base of trochanter separated from 
anterior coxal margin by a space as wide as the 
flange; anterior inargin of mesosternum without a 
median tooth; forewing with a faintly shaded 
line extending from apex of stigmal vein almost 
to outer wing margin, this representing the path 
of obsolete crossvein r-m;? apical path of obsolete 
vein Rs also faintly indicated by shading in some 
specimens, wing otherwise hyaline; hind femur 
with 10-12 ventral teeth. 

Propodeum with a small, toothlike projection 
lateral to each spiracle; gaster 114 times as long 
as thorax and propodeum; basal two-thirds of 
dorsal surface of first gastral tergite with minute, 
irregular reticulations, median area glabrous, 
lateral areas densely setose; a narrow median area 
of gastral tergites 2 to 4 bare, surfaces lateral to 


*See Burks, 1938, Ann. Ent. Soc. America 31: 157-161, 
for an interpretation of chalcidoid wing venation. 


North American Species of Trigonura 


these bare areas setose, tergites 5 to 7 with 
setae extending completely across; tergite 7 twice 
as long as 6; cerci located halfway between base 
and apex of tergite 7. 

MALE.—Length 4 to 6 mm. Legs and gaster 
usually darker than in female; antennae inserted 
in center of frons, above level of ventral margins 
of compound eyes; antennal scapes stout, flat- 
tened and smooth laterally; funicle segments 
stouter than in female, but relative lengths of 
segments the same; lateral margins of scrobe 
cavity slightly sinuate just dorsal to level of 
radicles; cross-rugae of mesopleural furrow more 
strongly developed than in female; gaster as long 
as thorax and propodeum. 

Type locality.—Davis Mts., Arizona. 

Types.—U. S. N. M. no. 64293. 

Described from 13 2 and 13 o specimens as 
follows: Holotype 9°, allotype o’, and 4 9 and 
3 oc paratypes, Davis Mts., Ariz., July 2, 1940, 
D. J. and J. N. Knull; 1 9 paratype, Hot Springs, 
Ariz., June 26, Barber and Schwarz; 1 2 paratype, 
Siskiyou Co., Calif.; 1 2 paratype, Winkleman, 
Ariz., ex twig mesquite, Schwarz and Barber; 3 9 
and 4 o& paratypes, Descanso, Calif., June 28, 
1948, ex larva Chrysobothris piuta Wickham, E. 
D. Algert; 1 o paratype, Presidio, Tex., May 8, 
1953, ex Acacia material, J. H. Russell; 1 co para- 
type, Williams, Ariz., June 3, Barber and Schwarz; 
2 o& paratypes, Bentsen-Rio Grande State Park, 
Tex., reared Aug. 23, 1954, from Hackberry, H. 
F. Howden; 1 2 and 1 co paratypes, Cedar 
Creek, 15 mi. w. Ft. Apache, Ariz., June 21, 1957, 
Butler and Werner; | @2 paratype, Santa Rita 
Res., Pima Co., Ariz., June 11, 1958, ex Chryso- 
bothris octocola Lec. in palo verde, A. Ross. Two 
o' paratypes deposited in the collection of the 
Canadian Department of Agriculture, Science 
Service, Ottawa, and 2 2 and 1 o paratypes in 
the University of Arizona collection, Tucson; the 
other specimens are in the U. S. National Museum 
collection. 


Trigonura tarsata (Dalla Torre) 

Chalcis tarsalis Ashmead, 1894, Trans. Amer. Ent. Soc. 
21: 332; Schmiedeknecht, 1909, Gen. Ins., fase. 97: 28. 
(Not Chalcis tarsalis Motschulsky.) 

Chalcis tarsata Dalla Torre, 1898, Cat. Hymenop. 5: 393. 

Trigonura tarsata (Dalla Torre) Hoffman, 1940, Bull 
Brooklyn Ent. Soc. 35: 63; Peck, in Muesebeck et al., 
1951, U. S. Dept. Agric. Monogr. 2: 586. 
FEMALE.—Length 3 to 5 mm. Head and 

thorax black; most or all of antennal scapes, 
wing veins, apices of fore and mid femora and 
tibiae, and all tarsi, tan; antennal flagellum, 
tegulae, parts of legs not tan, and usually entire 
gaster very dark red-brown, almost black. Head 
and thorax dull, legs and gaster shining; pubes- 
cence very fine, silvery. 

Antennae inserted slightly dorsal to level of 
ventral margins of compound eyes; interantennal 
process twice as wide as an antennal socket and 
half as long as scrobe cavity; lateral margins of 
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scrobe cavity angled laterally at ventral third; 
surface within scrobe cavity minutely reticulated 
and with 1 or 2 cross-rugae at apex of scrobe, 
median vertical carina usually complete, some- 
times interrupted near apex; antennal funicle 
with first segment the longest, each succeeding 
segment slightly shorter, so that seventh is two- 
thirds as long as first; median area of occiput with 
umbilicate punctation and a few irregular vertical 
rugae; margin of vertex non-carinate. 

Pronotum without a median, dorsal depression ; 
mesopleural furrow with numerous cross-rugae, 
surfaces between rugae shagreened; anterior 
margin of fore coxa produced as a relatively broad 
lamina laterally, this lamina becoming obsolete 
on meson, flange which covers base of trochanter 
touching antero-median angle of coxa; anterior 
margin of mesosternum produced as a stout, low 
lamina on meson; forewing hyaline; hind femur 
with 8 to 10 ventral teeth, basal one slightly 
larger than others. 

Propodeum with lateral, toothiike projections 
vague or wanting; gaster elongate, narrow, 124 to 
144 times as long as thorax and propodeum; basal 
gastral tergite completely smooth, with 8 to 10 
scattered setae on each side; tergites 2 to 5 asetose 
on meson, setose laterally; tergites 6 and 7 setose 
completely across; length of seventh tergite 144 
to 11% times as long as sixth; each cercus located 
in a slight depression at basal third of tergite 7. 

MALE.—Length 3.5 to4.0mm. Entirely black 
except for apices of fore and mid femora and 
tibiae, and all tarsi, which are light brown; 
antennal scape shagreened laterally; funicle seg- 
ments 1 to 3 equal in length, segments 4 to 7 
equal in length and each five-sixths as long as 
segment 3; gaster shorter than thorax and 
propodeum. 

Type locality —Morgantown, West Virginia. 

Types.—U. S. N. M. no. 41183, type co. 

Distribution.—Mass., N. B., N. H., N. Y., 
N. Car., Ohio, Ont., Penna., Que., Vt., Va., W. 
Va 

Hosts.—Pissodes strobi (Peck), Magdalis armi- 
collis (Say), M. barbita (Say), undetermined 
coleopterous larvae in elm branches. 


Trigonura elegans (Provancher) 


Phasgonophora elegans Provancher, 1887, Addit. Corr. 
Faune Ent. Canada, Hymenop., p. 191; Schmiede- 
knecht, 1909, Gen. Ins., fasc. 97: 22; Gahan and Rohwer, 
1918, Canadian Ent. 50: 134. 

Trigonura elegans (Provancher) Peck, in Muesebeck et 
al., 1951, U. S. Dept. Agric. Monogr. 2: 586. 

Trigonura hicoriae Rohwer, 1919, Canadian Ent. 51: 160; 
Blackman and Stage, 1924, New York State Coll. 
Forest., Syracuse Univ., Tech. Pub. 17, 24(22): 189 
(Trigonura sp.); Gahan, Crosby, and Leonard, in 
Leonard, 1928, Cornell Univ. Agric. Expt. Sta. Mem. 
101: 976; Kaston, 1937, Connecticut Agric. Expt. Sta. 
Bull. 396: 358; Peck, in Muesebeck et al., 1951, U. S. 
Dept. Agric. Monogr. 2: 586. NrEw SYNoNyYMY. 


FEMALE.—Length 3.5 to 4.5 mm. Black, with 
basal half of antennal scape usually, apices of 
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fore and middle femora and tibiae, all tarsi, and 
tegulae tan; antennal flagellum, parts of legs 
which are not tan, wing veins, and usually basal 
half of gaster very dark red-brown. Head and 
thorax dull, legs and gaster shining; pubescence 
silvery. 

Antennae inserted slightly dorsal to level of 
ventral margins of compound eyes; interantennal 
process twice as wide as an antennal socket and 
two-fifths as long as scrobe cavity; lateral margins 
of scrobe cavity angled laterally at ventral quarter; 
surface within scrobe cavity faintly reticulated, 
almost smooth, and usually with 2 or 3 faint 
cross-rugae new apex, median vertical carina 
becoming obsolete before reaching apex of scrobe; 
antennal funicle with segments 1 to 5 equal in 
length, segments 6 and 7 slightly shorter; median 
area of occiput with umbilicate punctures and a 
few, irregular, vertical rugae; margin of vertex 
non-carinate. 

Pronotum without a median dorsal depression ; 
mesopleural furrow with numerous, closely set 
cross-rugae, spaces between rugae minutely reticu- 
lated; anterior margin of fore coxa elevated as a 
narrow lamina which extends almost straight 
transversely to meet the flange covering base of 
trochanter; anterior margin of mesosternum ele- 
vated as a low lamina on meson; forewing with a 
vaguely defined brown cloud extending from 
middle of marginal vein to apex of postmarginal 
vein, and usually posteriorly to apex of stigmal 
vein, this cloud sometimes extending posteriorly 
almost to middle of wing; path of obsolete vein Rs 
usually clearly indicated by brown shading; hind 
femur with 8 to 10 ventral teeth, basal one only 
slightly larger than those following. 

Propodeum without lateral toothlike projec- 
tions; gaster plump, 114 times as long as thorax 
and propodeum; basal gastral tergite smooth 
dorsally, with 6 to 8 delicate setae on each side; 
tergites 2 to 5 asetose on meson, setose laterally, 
tergites 6 and 7 completely setose; tergites 6 and 
7 equal in length; each cercus located just anterior 
to middle of tergite 7. 

MaALr.—Length 3.0 to 4.2 mm. Color as in 
female; antennal scape shagreened laterally; 
funicle with first 3 segments equal in length 
and slightly longer than segment 4, segments 
+ to 7 equal in length; gaster shorter than thorax 
and propodeum. 

Type locality. 

Types.—Type 9, 


Hull, Province of Quebec. 
Canadian Department of 


EXPLANATION OF FIGURES 
Trigonura algerti, vertex of female. 
T. elegans, vertex of female. 

’. tarsata, gaster of female. 

T. ulmi, gaster of female. 

T. algertt, apex of gaster of male. 
7. tarsata, propodeum of male. 
T. ulmi, propodeum of male. 
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Agriculture, Science Service, Ottawa, Ont.; 2 9? 
paratypes, Provincial Museum, Quebec, P. Q. 

Distribution.—Ark., Conn., IIll., N. Y., Ont., 
Penna., Que., W. Va. 

Hosts.—Agrilus sp., Chrysobothris femorata 
(Oliv.), C. sexsignata (Say), Magdalis armicollis 
(Say), M. barbita (Say), M. olyra (Hbst.), 
?Scolytus multistriatus (Marsh.). 


Trigonura ulmi, new species 

FEMALE—Length 3.5 to 5.0 mm. Black, with 
antennae, tegulae, wing veins, and tarsi red-tan, 
apical two funicle segments and club often darker 
than rest of antenna; fore and mid femora and 
tibiae red-brown at bases and apices; base of 
gaster on ventral side usually tinged faintly with 
red, not quite black. Head, thorax, and legs 
dull; gaster shining; pubescence silvery. 

Antennae inserted at level of ventral margins 
of compound eyes; interantennal process twice 
as wide as an antennal socket and one-half as 
long as scrobe cavity; lateral margins of scrobe 
cavity sharply curved laterally in basal third; 
surface within scrobe cavity smooth, shining, 
with very faint sculpturing near dorsal margin, 
median vertical carina strong, usually complete, 
sometimes becoming obsolete before reaching 
dorsal margin of scrobe; antenna with funicle 
segments 1 and 2 equal in length and each 114 
times as long as segment 3, segments 3 to 7 
equal in length; median area of occiput with 
umbilicate punctures and a few irregular, ver- 
tical rugae; margin of vertex not carinate. 

Pronotum without a median, dorsal depression; 
mesopleural furrow with strong cross-rugae, spaces 
between rugae minutely shagreened ; anterior mar- 
gin of fore coxa produced as a thin, flat lamina, 
flange covering base of trochanter touching this 
lamina; anterior margin of mesosternum with a 
low laminae on meson; forewing with faint shad- 
ing along path of obsolete vein Rs and sometimes 
around apex of stigmal vein, wing otherwise 
hyaline; hind femur with 8 to 10 ventral teeth, 
basal tooth slightly larger than others. 

Propodeum with a small, toothlike projection 
lateral to each spiracle; gaster as long as thorax 
and propodeum; basal gastral tergite smooth 
dorsally, with 5 to 8 weak setae on each side; 
gastral tergites 2 to 4 asetose on meson, setose 
laterally; tergites 5 to 7 with setae completely 
across; tergites 6 and.7 equal in length; cercus 
located at a point one-third the distance from 
base to apex of tergite 7. 

MALE.—Length 3 to 4 mm. Usually entirely 
black, except that tarsi and tegulae are dark 
brown, anterior and mid legs sometimes mostly 
dark brown; antennal scape broadened near 
apex, laterally shagreened; first funicle segment 
136 times as long as segment 4, segments 2 and 
3 equal in length and each 1)% times as long as 4, 
segments 4 to 7 equal in length; gaster shorter 
than thorax and propodeum. 
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Type locality.-Stamford, Conn. 

Types.—U. S. N. M. no. 64294. 

Described from 36 9 and 27 o specimens, as 
follows: Holotype 9, allotype o’, and 8 9 
paratypes, Stamford, Connecticut, emerged from 
top branches of American elm, Oct. 25, 1941, 
branches collected Dec. 20, 1940, Bartlett Tree 
Research Laboratory; 2 9 paratypes, same data, 
but specimens emerged July 7, 1941; 3.9? para- 
types, Pierreville, P. Q., Jan. 1947, ex Magdalis 
armicollis (Say) in elm, W. J. Brown; 1 9 para- 
type, Ottawa, Ont., Aug. 31, 1941, O. Peck; 
1 9 paratype, Berthierville, P. Q., July 20, 1946, 
A. Robert; 1 9 paratype, Urbana, IIl., May 24, 
1955, from elm infested with Scolytus sp.; 3 9, 
8 co paratypes, Tarrytown, N. Y., June-July 
1937, bred from elm, Cornell Univ. Dutch Elm 
Disease investigations; 2 9, 5 co paratypes, 
Ithaca, N. Y., June 1936, bred from elm, Cornell 
Univ. inv.; 1 9 paratype, Pearl River, N. Y., 
July 5, 1936, bred from elm, Cornell Univ. Inv.; 
2 Q paratypes, E. Stroudsburg, Pa., June-July 
1937, reared from elm, T. H. Jones; 1 9,10 
paratypes, South Haverstraw, N. Y., June-July 
1936, bred from elm, Cornell Univ. inv.; 1 9 
paratype, Yonkers, N. Y., July 5, 1935, L. L. 
Pechuman; | o paratype, Yonkers, N. Y., June 
28, 1936, bred from elm, Cornell Univ. inv.; 3 9, 
5 o& paratypes, N. Petersburg, N. Y., June-July 
1936, bred from elm, Cornell Univ. inv.;3 9,10 


paratypes, Green Village, N. J., June 1934, bred 
from elm log bark, W. Buchanan; 2 9 paratypes, 
Liberty Corner, N. J., June 22, 1936, reared from 


elm, C. H. Hoffman; 1 9 paratype, Durham, 
N.C., Apr. 4, 1941, from Ulmus alata, Haliburton 
and Beal; 1 o& paratype, Shiremanstown, Pa., 
Feb. 3, 1914, reared from larvae Scolytus qua- 
drispinosus Say in Hickory, W. S. Fisher; 1 o& 
paratype, Gratenger, lowa, May 17, 1955, 
reared from bark beetle or weevil in elm, Gunder- 
son; 2 o paratypes, Pequannock, N. J., late 
winter 1934, bred from elm, Wadley. Four 9? 
paratypes deposited in the collection of the 
Canadian Department of Agriculture, Science 
Service, Ottawa, Ont.; the other specimens are 
in the U. S. National Museum collection. 


Trigonura pini, new species 

FEMALE.—Length 4 to 6 mm. Black, with 
apices of front and middle femora and tibiae, all 
tarsi, and wing veins tan; antennal scapes and 
tegulae dark red-brown. Head and thorax dull, 
legs and gaster shining; pubescence silvery. 

Antennae inserted at level of ventral margins 
of compound eyes; interantennal process twice 
as wide as an antennal socket and slightly less 
than half as long as scrobe cavity; lateral margins 
of scrobe cavity almost straight, very slightly 
angled laterally at ventral third; surface within 
cavity minutely reticulated, with a few irregularly 
placed cross-rugae, median vertical carina incom- 
plete and irregular; antennal funicle with all 





1959| Burks: 
segments equal in length, first segment narrowed 
at base, widening toward apex, its width at apex 
four-fifths as great as width of segment 7; median 
area of occiput with umbilicate punctation and a 
few irregular, vertical rugae; margin of vertex 
noncarinate. 

Pronotum without a median, dorsal depression; 
mesopleural furrow with numerous, strong cross- 
rugae, spaces between these rugae may be faintly 
shagreened or smooth; anterior margin of fore 
coxa with a slightly recurved, low lamina, flange 
covering base of trochanter almost touching this 
lamina; anterior margin of mesosternum produced 
as a low, stout lamina on meson; forewing with 
faint brown shading around stigmal vein, wing 
otherwise hyaline; hind femur with 6 to 9 ventral 
teeth, basal one noticeably larger than others. 

Propodeum with a small toothlike projection 
located lateral to each spiracle; gaster as long as 
or slightly longer than thorax and propodeum; 
basal gastral tergite completely smooth medially 
and with 12 to 15 weak setae present on each 
side; tergites 2 to 4 asetose on meson, setose 
laterally, tergites 5 to 7 setose completely across; 
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tergites 6 and 7 equal in length; cercus located 
slightly anterior to middle of tergite 7. 

MALE.—Length 4mm. Entirely black, except 
for tarsi, which are dark brown; antennal scape 
broadened in the middle, shagreened laterally, 
smooth along anterior margin; funicle segment 1 
slightly longer than 2, segments 2 to 6 equal in 
length, segment 7 slightly shorter; gaster as long 
as thorax and propodeum. 

Type locality.—Fort Rock, Oregon. 

Types.—U. S. N. M. no. 64295. 

Described from 4 9 and 3 o& specimens, as 
follows: Holotype 92 and allotype o, Fort 
Rock, Oregon, Oct. 23, 1931, reared from Pinus 
ponderosa, Keen and Buckhorn; 2 9 and 1 o& 
paratypes, Shasta Co., Calif., May 9, 1939, 
reared from Pinus jeffreyi; 1 Q° paratype, Easton, 
Wash., Kincaid; 1 o paratype, Aspen Grove, 
B.C., July 15, 1933, reared from Pinus ponderosa, 
K. Graham. One o paratype deposited in the 
collection of the Canadian Department of Agri- 
culture, Science Service, Ottawa, Ont.; the other 
specimens are in the U. S. National Museum 
collection. 


A NEW SPECIES OF STRICTICIMEX FROM KENYA 
(HEMIPTERA: CIMICIDAE)! 


G. F. 


FERRIS? anpb R. 


L. USINGER 


Stanford University and University of California 


ABSTRACT 


Stricticimex intermedius, collected in bat caves near 
Mombasa, is the third known species of the genus. The 


The description of a new Cimicid collected in 
bat caves near Mombasa is offered at this time, 
prior to a general revision of the group, to make 
the name available for other studies. The ma- 
terial, received from Glen M. Kohls, Rocky 
Mountain Laboratory, U. S. Public Health Ser- 
vice, is a contribution of the scientific working 
party on ectoparasites sponsored by the U. S. 
Naval Medical Research Unit No. 3, Cairo, 
Egypt, and the East African Veterinary Research 
Organization, Muguga, Kenya, 1956. Thanks 
are due to Drs. Glen M. Kohls and Harry 
Hoogstraal for permission to study these speci- 
mens. Type specimens are deposited in the U. S. 
National Museum. 


‘Accepted for publication May 22, 1958. 
2Died May 21, 1958. 


other two have been taken only in South Africa 


Stricticimex intermedius, new species 
Head about as long to tips of mandibular 
plates (juga) as wide across eyes, longer to apex 
of clypeus than wide (51:44); interocular space 
four times as wide as an eye (30:7). Bristles of 
upper surface of head sparse but long, half as 
long as interocular space, with three bristles along 
inner margin of each eye, four on vertex, three on 
either side of base of clypeus and about twenty 
bristles on clypeus. Antennae about four times as 
long as width of pronotum (209:52), the propor- 
tion of segments one to four as 14:55:90:50. 
Rostrum with apex of second segment just reach- 
ing hind margin of head, the entire third segment 
extending onto prosternum; proportion of seg- 

ments one to three approximately 15:15:10. 
Pronotum widest anteriorly, briefly produced 
forward antero-laterally, the sides rounded and 
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convergent posteriorly, the hind margin following 
the curve of the sides. Disk with very long 
bristles, the longest about one-third the greatest 
width of pronotum. Ratio of pronotal width to 
length on median line 52:31. Mesonotum broadly 
exposed, naked. 

Hemelytral pads nearly as long as wide (approx- 
mately 27:30), beset with numerous bristles, the 
longest two thirds as long as width of one 
hemelytron. 


FiG. 1.—Stricticimex intermedius, n. sp., female 
holotype. Dorsal and ventral views. 


Abdominal disk with rows of bristles on pos- 
terior parts of segments, the first visible tergite 
with four rows of long bristles, the second with 
three ill-defined rows, the remaining segments 
with two rows each. Lateral margins with 
longest bristles at base, and with the usual clump 
of long posteriorly directed bristles on terminal 
segment. 

Under surface of head with very short, incon- 
spicuous bristles. Prosternum with a few short 
bristles. Mesosternum broad, subtriangular be- 
hind, with long bristles, especially posteriorly. 
Metasternum small, lobe-like, compressed be- 
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tween middle coxae, beset with numerous fine 
bristles. Abdominal venter with dense but 
short fine bristles at middle of base between hind 
coxae, the posterior segments with rows of short 
bristles. 

Organ of Ribaga dorsal on the right side, open- 
ing sublaterally on hind margin of second visible 
segment. The organ has a broad opening and 
bends mesad and then backward. 

Male intromittent organ directed to the left 
and curved backward, half as long as width of 
genital segment at base. 

Legs with hind femora five times as long as 
greatest width, the tibiae less than half again as 
long as femora, 50:36. 

Size: Male, length 4.15 mm.; width (pro- 
notum) 0.9 mm., (abdomen) 2.1 mm. Female, 
length 5 mm.; width (pronotum) 0.9 mm., 
(abdomen) 2.4 mm. 


FiG. 2.—Stricticimex intermedius, n. sp., male 


genital segment, ventral view. 


Holotype, female, allotype, male, one male 
paratype, and several nymphs: Mgaheni bat 
cave, 5 miles south of Mombasa, Kenya, East 
Africa, July 17, 1956, Glen M. Kohls, collector. 

This is the third species to be assigned to the 
genus Stricticimex. The type species, antennatus, 
from Cape Province, is considerably larger and 
has a shorter head (ratio of length to width 50:54). 
Transversus, described from Orange Free State and 
here recorded for the first time from Kamye, 
Bechuana Protectorate (F. Zumpt), is approxi- 
mately the same size as intermedius but has the 
head shorter (14:1514), the pronotum broader, 
and the second antennal segment very short, less 
than half the length of third and shorter than 
width of head (longer than width of head, 55:44, 
in intermedius) 

With this new species the range of the genus 
Stricticimex is extended beyond South Africa well 
up the east coast to Kenya. It is interesting to 
note that the nearly related Leptocimex is thus 
far known only from the West Coast and from 
Anglo-Egyptian Sudan. 





THE MELON LEAF MINER LIRIOMYZA PICTELLA (THOMSON) 
(DIPTERA: AGROMYZIDAE) 


EARL R. OATMAN? anp A. E 


II. ECOLOGICAL STUDIES! 


. MICHELBACHER? 


ABSTRACT 


The optimum temperature for development of the 
immature stages was in the range from 23.9° to 27.8° C. 
The developmental time from egg to adult was shortest 
(12.1 days) at 32.2° and longest (65.3 days) at 12.8°. Ma- 
ture third-instar larvae experienced difficulty in pupating, 
and pupal mortality was 100%, at temperatures both 
above 35° and below 10°; the time required for pupation 
was greatly and abruptly increased below 18°. Mature 
pupating larvae are negatively phototactic and positively 
thigmotactic. They pupated in shorter time under semi- 
dark conditions than in natural light, and tended to 
crawl beneath some object or to burrow in soil for pupa- 
tion. Under natural light they moved as much as 40 
mm., and at a rate of 30 mm. per hour, before pupating. 
Relative humidity had no appreciable effect on length of 
pupal period, but the time required for pupation was 
nearly doubled and pupal mortality was much higher at 


The life history of the melon leaf miner, 
Liriomyza pictella (Thomson) was discussed in a 
previous paper (Oatman and Michelbacher 1958). 
The present paper deals with ecological studies 
conducted under greenhouse and laboratory con- 
ditions to obtain additional information on its 
biology and reactions to various physical factors. 


METHODS AND MATERIALS 

The basic procedures were similar to those 
reported in the first paper. Methods for indi- 
vidual experiments are included under the 
appropriate section on results. 

Shell vials, 1 by 2 inches, were used for the 
immature stages during the temperature and 
humidity studies. Cork stoppers with center 
holes one-half inch in diameter, screened with 
lawn cloth, were used to secure the vials and 
provide ventilation. 

Clear glass tube cages measuring 4+ by 8 inches 
were used for temperature and longevity studies 
of the adults in the absence of natural hosts. 
The top was covered with lawn cloth. The 
removable bottom was constructed of plywood 
and covered with cellulose cotton. 

Standard laboratory desiccators containing 
salt solutions were used to provide the constant 
relative humidities. 


‘Based on a dissertation submitted to the Graduate 
Division of the University of California at Berkeley in 
partial satisfaction of the requirements for the degree 
of Doctor of Philosophy. Accepted for publication June 
19, 1958. 

*Formerly graduate research assistant in the Depart- 
ment of Entomology and Parasitology, University of 
California, Berkeley. Presently Assistant Professor, 
Department of Entomology, University of Wisconsin, 
Madison. 

’Professor, Department of Entomology and 
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5% and at 96% R.H. as compared with 67% R.H. The 
optimum range was between 30% and 70% R.H. 
Screened topsoil provided the most nearly optimum 
substrate for pupation and pupal development. Pupal 
mortality was highest under natural light conditions, 

zardless of substrate, and lowest on a soil substrate 
in semidark conditions. When adults were kept without 
food or moisture, several lived for 16 days at 7.2° C. 
constant temperature, but there was 100% mortality in 
8 to 12 hours at 32.2°. No adults died when exposed for 
24 hours to constant temperatures of 0° or —2.78°, but 
there was 38% average mortality at —7.78° C.; females 
were more resistant than males. Adults lived an average 
of 12.3 days on a diet of honey, 1.5 days on a protein 
hydrolysate, and 1.1 on water alone, and females in all 
instances lived longer than males. 


Temperature cabinets equipped with bimetallic 
thermostats and mercury relay switches, accurate 
to +0.25° C., were used for all constant tempera- 
ture studies. One of the cabinets was provided 
with fluorescent lights for use in the studies 
involving living plants. 


RESULTS AND DISCUSSION 

Temperature. Temperature is probably the 
most important physical factor influencing Lirio- 
myza pictella (Thomson). The effects of various 
constant temperatures on adults in the absence 
of food and free moisture were studied. The 
adults were selected at random from stock 
cultures and placed in various temperature 
cabinets, where they were held without food or 
water until death. All of the adults died within 
8 to 12 hours at a temperature above 32°C., 
whereas at 7.2° C. several of them lived 16 days 
(figure 1). Apparently the higher temperature, 
in addition to a desiccating effect, increased their 
metabolic activity whereas the low temperature 
decreased it. A similar test was conducted in 
which the adults were subjected to low tempera- 
tures for 24 hours. The results (table 1) revealed 
that the adults were not easily killed when 
exposed to freezing temperatures for short 
periods of time. The data also indicate that 
females were hardier than were males. 

Mature third-instar larvae were also subjected 
to various constant temperatures. The mature 
larvae were collected as they emerged from bean 
leaves, placed in ventilated vials, and immediately 
put in temperatures which ranged from 4.4° to 
37.8°C. In one experiment the larvae were 
checked at regular intervals throughout the day 
to determine the time of pupation. The results 
(table 2) show that the time necessary for com- 
pletion of pupation is greatly increased below 
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18°C. Pupation at 32.2°C. required 2 hours, 
whereas at 4.4° C. it extended into days with only 
approximately half of the larvae pupating; none 
of these succeeded in reaching the adult stage. 

The length of the pupal period, number of 
adults emerging, and the mortality were noted 
in other tests (table 3). Mature third-instar 
larvae had difficulty pupating at temperatures 
below 10°C. and above 35°C. Total mortality 
of the pupal stage occurred at temperatures of 
35° C. and above, and at temperatures of 10° C. 
and below. At 23.9° C. the pupal period 
ranged from 10 to #2 days, with an average 
of 11 days. Pupal development at 32.2°C., 
required only 6 to 7 days, with an average of 
6.9 days. However, at the latter temperature 
the mortality of the developing and emerging 
adults was 5 percent higher. The time-tempera- 
ture curve for pupal development is illustrated in 
figure 2. 

A similar experiment, using 24-hour-old pupae 
which had pupated under greenhouse conditions 
averaging 26.1° C. and 36.6% R.H., gave results 


Table 1.—Influence of various low constant temperatures 
upon adult survival of Liriomyza pictella in the absence of 
food or water over a 24-hour period" 


Percent Mortality 
After 24 Hours 


Number Adults 


Temperature Per Test 
c 


Female Male Female 


Male 


0.00 li ‘ 0.0 
‘ Ii 


2.78 0.0 
-3.89 ( 9 
—6 1] SE 37. 
—6 67 : : 62.! 
-7.78 ; 5 25 


“Adults selected at random from large populations 
maintained on Henderson bush lima bean plants in 
greenhouse. 


identical to those where the 
the various constant 


which were almost 
larvae pupated under 
temperatures. 

The mature larvae were conditioned from a 
greenhouse temperature of 26.7° C. to tempera- 
tures as high as 37.8° C. by successively moving 
them up 5°C. each 24 hours until the desired 
temperature was reached. Under these condi- 
tions one adult succeeded in emerging at 35.0° C. 
and the number of larvae successfully pupating 
at 37.8° C. was slightly increased. However, the 
mortality of the latter group was 100 percent. 

The influence of temperature upon the im- 
mature stages of L. pictella was studied. Four 
fresh bean plants of approximately the same age 
and leaf surface were subjected to oviposition 
from high populations of adults in the culture 
cages for a period of 4 hours. The plants were 
then placed in constant temperature cabinets 
equipped with fluorescent lights, and observed 
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daily for the time of hatching of the eggs and 
the emergence of mature larvae. The larvae 
were collected as they emerged, placed in venti- 
lated vials, and kept under the same temperature 
conditions for observations on the time required 
for completion of the pupal period, adult emer- 
gence and mortality. This procedure was 
repeated for each experimental temperature. 
The optimum temperature for the development 
of the immature stages was 27.8°C. for 656 
individuals studied. Developmental time was 
longest at 12.8° C. where 65.3 days were required. 
Temperatures higher than 27.8°C. resulted in 
shorter pupal periods, but increased the percent 
mortality of the larvae and pupae. Temperatures 
below 27.8° C. resulted in an increase in the length 
of the developmental period and an increase in 


DAYS CweicHeo mean) 


128 183 23.9 294 
DEGREES CENTIGRADE 


35.0 


Fic. 1.—Time-temperature curve representing the 
longevity of Lirtomyza pictella adults under several con- 
stant temperatures in the absence of food and moisture. 


mortality. There was practically 100 percent 
mortality of the eggs at 37.8°C. The three 
larvae which did emerge at this temperature died 
after mining only % to 4 of an inch. The host 
plants turned yellow and died after 4 to 5 days. 
The few larvae which emerged and completed 
their development at 35.6°C. did not survive 
the pupal period. The results (figure 3) show a 
correlation between the various temperatures and 
the developmental time for each stage of the 
insect as expressed in time-temperature curves. 
They also indicate that high summer temperatures 
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might become a limiting factor in the population 
growth of L. pictella. This would possibly be 
true for melon leaf miners in the open center 
leaves of melon plants. Indications of just such 
a phenomenon have been observed in the field 
by Michelbacher, et al. (1955), and the writer. 
Webster and Parks (1913) reported similar 
observations for a closely related species of 
Liriomyza. 

Humidity.—The relative humidity normally 
has no direct influence upon the eggs and develop- 
ing larvae within the tissue of the leaf, except as 
it affects the host plant. However, when the 
larva emerges from the leaf to pupate, it is 
immediately subjected to the relative humidity 
of the external environment. Mature larvae 
were collected as they emerged from the leaves 
and were placed in ventilated vials. These were 
then deposited in desiccators at constant relative 


2u1 23.9 26.7 
DEGREES CENTIGRADE 


294 32.2 


Fic. 2.Time-temperature curve for pupal develop- 
ment of Liriomyza pictella under several constant 
temperatures. 


humidities of 5%, 67%, and 96%, respectively, 
and held at a temperature that averaged 26.1° C. 
The larvae were checked twice daily for’ the 
emergence of the adults. The results of the 
replicated tests are shown in table 4. It appears 
that the relative humidity does not have any 
appreciable effect upon pupa formation. How- 
ever, there was, apparently, an effect upon pupal 
development and emergence of the adults. 
Mortality during the pupal stage was lowest at 
67% R.H. and was highest at 5% R.H. The 
27% mortality at 67% R.H. is only slightly 
higher than that which normally occurred during 
greenhouse and laboratory experiments through- 
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out the entire period that biological studies were 
conducted. 

The mature larvae were unusually active at 
96% R.H. Such activity was not observed in 
the simultaneous tests conducted at 5% and 
67% R.H. These data, together with those 
obtained from studies on field-collected pupae, 
indicate that the period of pupation and pupal 
development is a most critical one in the life 
history of the insect. There was a difference of 
only 1 day in the length of the pupal period at the 
three ranges of humidity, the shortest being 7.5 
days at 96% R.H. The mature larvae took 
almost twice as long to pupate at 5% and 96% 
R.H. as they did at 67%. The dead pupae in the 
experiment at 96% R.H. appeared to be water- 
soaked. The adults which emerged at this 
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Fic. 3.—Time-temperature curves for the develop- 


ment of Liriomysa pictella under several constant 
temperatures. 


relative humidity died without expanding their 
wings. 

Pupal mortality remained at 100% in the 
37.8° C. temperature cabinet even where the 
relative humidity was increased from 24.5% to 
67%. However, this procedure did increase the 
total number of larvae which pupated (table 3). 

The optimum relative humidity range under 
experimental conditions for both pupation and 
adult emergence was between 30% and 70% 
and is based upon the data obtained from a 
continuous record of relative humidity conditions 
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in the greenhouse and from the results of repli- reflected in the weight of the pupae, which in 
cated controlled experiments involving 1,454 turn might influence the size and vigor of the 
individuals. adults. Several replicated tests were conducted 

Food.—The type and quality of food consumed _ in which alfalfa, bean, and melon plants were 
by the developing larvae is entirely beyond their subjected to oviposition. Competition between 
control, as the adult females select the host the mining larvae was carefully avoided. The 
plant for oviposition. However, the kind and mature larvae were collected as they emerged 
quality of plant tissue consumed might be and placed under semidark conditions to pupate. 


Table 2.—Time required for mature larvae of Liriomyza pictella to pupate at different constant temperatures 


Number pupating between indicated hours 
7 ‘ after emergence from host Total number 
remp No. larvae 
: larvae 
( per test 
pupated 


16 
27 
30 
29 
30 
30 
30 
25 
30 
30 
30 


Noe. oO 


—wOwD > & 


Table 3.—Influence of constant temperature upon pupation and pupal 
development of Liriomysa pictella* 


on Average ee 
lemperature ene Number Larvae Adults Percent 
Cc R H. Emerged Mortality 
vo Per Test | Pupated 
I 


63 iy 0 

87 ) 29 

&4 50 

72 5: 52 

18 

58 

60 

17 é 50 

66 

33 5 55 

32. 55 55 
25.5 5: 54 

37 .! 5 20 


37 67» 2: 25 


‘Larvae reared on bean plants under greenhouse conditions (17.2-35.0°C.; 
aver. 26.7°C.: 24%-44% R. H.; aver. 34% R. H.) 
>In desiccator at constant relative humidity. 


Table 4.—Influence of several constant relative humidities upon pupating 
larvae of Liriomyza pictella under greenhouse conditions* 


Ave. No. 
Number Larvae Adults Percent Days in 
R. H. Emerged | Mortality Pupation 
Per Test Pupated 
5 81 80 38 56 
67 77 76 56 27 


96 61 59 33 46 


“Temperature range 17.2°-33.3° C.; aver. 26.1° C. 
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After 24 hours the pupae were weighed. The 
results of weighing 198 pupae from alfalfa, 220 
from bean, and 153 from Cranshaw melon plants 
showed that there was no difference in the 
average weight of the pupae. 

The adults were observed feeding on natural 
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tures made by females. Tilden (1950) observed 
that the females of Liriomyza pusilla (Meigen) 
fed from the exuding oviposition punctures. The 
adults were also observed to feed upon a solution 
of water, sugar, or “MRT” (a protein hydrolysate) 
when given these substitute foods. Newly emerged 


males and females were confined on a bean plant 


exudations from bean plant leaf axils and the 
for 24 hours. Thereafter a selected number of 


exuding sap from oviposition and feeding punc- 


Table 5.—Longevity of caged Liriomyza pictella adults in the absence of host plants 
but in the presence of dryness, moisture, ‘‘MRT"’’, or honey* 


Longevity in Days 


Subjected No. of Adults Male Female 


Condition 
Weighed 


Weighed 
Mean 


Male Mean 


Female Range 


Dry 31 31 0.5 | 
Water 34 34 f 0.9 1 
“MRT’’> 16 20 ( 8 1.3 ae l 
Honey 8 10 : 10.9 7.9-26 < 13 


( 


“Conducted under greenhouse conditions averaging 25.0° C. and 37.9% R. H. 
‘A freely soluble enzymatic hydrolysate of primary grown brewers’ type yeast 
containing free amino acids, polypeptides, with all factors of Vitamin ‘‘B'’ complex 


Influence of light and darkness upon the time of day that Liriomysa pictella 
larvae pupated under greenhouse conditions* 


Table 6. 


Time Pupation Occurred 


Number 
Pupating A. M. 
Larvae 


Subjected 
Condition 


8:00 8:30 9.00 9:30 10.00 10.30 11:00 


Light 
Dark 


70 4 ‘ ‘ 14 14 
70 ‘ : 8 6 S 


‘Temperature range 17.2° C.; Relative humidity range 23%-45%; aver. 34.6% 


Table 7.—Influence of various substrates and light conditions upon pupation and 
adult emergence of Liriomyza pictella under greenhouse conditions* 


Number 
Percent 


Light* 
Mortality 


Condition 


Condition of 
Pupating Surface” 


Adults 


Emerging 


Pupating 
Larvae 


Dark 41 9 6 
Dark 3: 34 2.9 
Dark ) ; 25.0 
Natural 

Light Q: j 31.2 
Dark 4.5 
Natural 

Light { 76 20.0 
Dark : 58 21 6 


Glass-pebbles on surface 
Soil-pebbles on surface 
Sand-pebbles on surface 
Glass. 


Soil 


“Temperature range 13.9°-31.7° C.; aver. 25.0° C.; Relative humidity range 
24%-78%; aver. 39.1%. 

>bEmpty petri dish used for glass substrate; 4” fine screened top soil, or fine 
sand in petri dishes for others. 

‘Semi-darkness was obtained by placing ice-cream carton over petri dish for 
duration of experiment. 
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each sex was placed in separate cages containing 
small vials of either water, ‘“MRT”’, or honey, or 
empty vials. Cotton wicks were inserted into the 
vials to provide access to a constant supply of 
these media. The adults were checked several 
times daily until their death. Each test was 
replicated 2 to 4 times. The weighted means 
from these data (table 5) show that the females 
outlived the males under all conditions. Both 
adult males and females lived longest on honey. 
In the absence of food and moisture, the male 
lived an average of 4 day, the female 1 day. 
When provided with water only, the male’s life 
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that exerted upon the host. The reaction of 
mature larvae to natural light was investigated. 
It was determined that they were negatively 
phototactic and moved long distances in their 
attempt to escape from the light. If they could 
not escape, they still pupated under natural light 
conditions, but only after an extended period of 
time. In the field the mature larvae usually 
pupate in the soil. Mature larvae were collected 
for pupation tests as they emerged from bean 
plants and were placed in petri dishes. The 
dishes were then left under natural light or covered 
by empty ice-cream cartons to provide semi- 


N 


Pupal sites showing the thigmotactic response of pupating Liriomysa 


pictella larvae in the presence of flat pebbles and under conditions of semidarkness. 
Each circle or dot represents a single individual, except at the central pebble where 


46 individuals were counted. 


span was doubled, the female’s was increased by 
one-third. Thus the data indicate that although 
moisture is necessary for the adult, the type and 
quality of food which furnishes fuel for their life 
activities is also of great importance. 
Light.—Throughout the entire experimental 
period daylight was the one variable which was 
uncontrollable. However, there was never any 
indication that this factor had any appreciable 
direct adverse effect upon the insect other than 


darkness. The tests were checked hourly until 
the last larva had pupated. The results (table 6) 
show that pupation occurred earlier under semi- 
dark conditions than under natural light. How- 
ever, the latter finished pupating in almost the 
same total number of hours. The mature larvae 
in the natural light always actively milled about 
on the sides of all containers opposite the source 
of light. In a similar experiment involving 30 
mature larvae, 15 pupated within 2 hours from 
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emergence under semidark conditions, whereas 
only one succeeded in doing so under natural 
light. However, after the remaining 14 larvae 
were covered, seven pupated within 3 minutes, 
and the others within 11% hours. 

An experiment with 300 pupating larvae was 
conducted in which the number of adults which 
emerged following pupation under the above 
described physical conditions were recorded. The 
results showed that pupal mortality was 10% 
higher under the natural light conditions. This 
was evidently a reflection of the difficulty 
encountered by pupating larvae under natural 
light. 

Substrate—Third-instar larvae were placed 
singly in either glass vials or petri dishes during 
the pupation and adult emergence experiments. 
Throughout the life history studies the pupal 
mortality ranged from 20% to 42.5%, which 
appeared abnormally high. There was no ap- 
parent correlation between mortality and the 
prevailing temperature or relative humidity at 
the time of the experiment, as was shown in 
table 3. It was hypothesized, therefore, that the 
type of substrate might be responsible for the 
mortality. Consequently, mature larvae were 
placed in empty petri dishes or ones with fine 
sand or screened topsoil. Several flat pebbles 
were placed on the surface of each substrate. The 
larvae in the soil tests immediately began burying 
themselves, whereas those released in the empty 


petri dish congregated at the side opposite from 
the sun and were active for some time before 


pupating. When pebbles were added to the 
substrate the larvae invariably pupated under 
them, especially on the glass surface. The first 
series of tests was conducted under semidark 
conditions by covering the petri dishes with 
empty ice-cream cartons until the day before the 
flies emerged. The last series was conducted 
under natural light conditions in uncovered petri 
dishes. In all series the petri dishes were placed 
inside oviposition-longevity cages the day before 
the adults were to emerge, in order that the 
emerging adults could be captured and counted. 
After all adults emerged, the dead and abnormal 
pupae were noted. The data (table 7) indicate 
that there was less mortality when the larvae 
were permitted to pupate in loose screened 
topsoil, where the average pupal mortality was 
14.8%, than on the glass substrate where the 
mortality was 22.4%. Under semidark condi- 
tions and with pebbles, there was considerably 
less mortality with the soil substrate, the com- 
parative figures being 2.9% on soil, 19.6% on 
glass, and 25% on sand. The high mortality on 
sand was probably due to absorption of heat and 
light and to loss of moisture. 

The fourth series of tests used moist topsoil 
as one of the substrates. The larvae quickly 
burrowed into both the dry and moist topsoil, 
and reacted to light on the glass substrate as 
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previously described. However, in this series 
the greenhouse temperature reached a high of 
42° C. during the period of pupal development, 
and extremely high pupal mortality resulted. 
Despite this lethal effect, the mortality of the 
pupae from the moist soil substrate was 17% less 
than that on glass. At least a part of the pupal 
mortality which occurred in some of the experi- 
mental studies was attributable to the unfavor- 
able physical conditions arising from the use of 
glass vial containers. 

Larval Tropisms.—Mature larvae of the melon 
leaf miner were directly affected by the intensity 
of light and the type of substrate present when 
pupating. To expand these observations, several 
experiments were conducted. One involved 30 
pupating larvae which were released at 8:30 a.m. 
from a focal point on a grayish-white cloth- 
covered table top. The larvae were checked at 
half-hour intervals until they pupated. The 
total distance, speed, and direction traveled were 
recorded. The distance traveled by the larvae 
before pupating ranged from 23 to 48 cm., with 
an average of 36.4 cm., and the average distance 
traveled in the first hour was 17.1 cm. Move- 
ment was always away from the sun. This 
negatively phototactic response to light sub- 
stantiated the reaction observed during pupation 
studies under natural light conditions on a glass 
substrate. 

An experiment was devised to determine the 
thigmotactic response of the pupating larvae. 
A 1-inch circle was drawn within a 2-inch circle 
on a cloth-covered surface. A flat pebble was 
placed in the center of the small circle, and others 
of approximately the same size were placed at 
random outside the larger circle. Pupating 
larvae were released at random on the periphery 
of the 1-inch circle. A 6-inch porcelain bowl was 
immediately placed over the circles, to enclose 
the larvae in darkness, and left for 24 hours. 
The bowl was then removed and the sites of 
pupation recorded. The results of this experi- 
ment, which was replicated three times, are 
shown in figure 4. Seventy percent of the 190 
larvae pupated either in contact with or directly 
beneath pebble, thus indicating that the 
pupating larvae are positively thigmotactic. 
This verifies previous laboratory and field observa- 
tions. 


a 


REFERENCES CITED 

Michelbacher, A. E., W. W. Middlekauff, O. G. Bacon, 
and J. E. Swift. 1955. Controlling melon insects 
and spider mites. California Agric. Expt. Sta. Bull 
749. 46 pages. 

Oatman, Earl R., and A. E. Michelbacher. 
melon leaf miner Liriomyza  pictella 
(Diptera: Agromyzidae). I. Lite history 
Ann. Ent. Soc. America 51(6): 557-66. 

Tilden, J. W. 1950. Oviposition and behavior of 
Liriomyza pusilla (Meigen). Pan-Pacific Ent. 26(3): 
119-21. 

Webster, F. M., and T. H. Parks. 1913. The serpentine 
leaf miner. Jour. Agric. Res. 1(1): 59-87. 


1958. The 
(Thomson) 
studies. 





RADIOTRACER LABELING OF A NATURAL TEPHRITID POPULATION 
AND FLIGHT RANGE OF THE WALNUT HUSK FLY'! 
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ABSTRACT 


Use of a powerful olfactory and gustatory attractant 
plus P* resulted in labeling of a substantial fraction of 
a naturally occurring population of the walnut husk fly, 
Rhagoletis completa Cresson. Labeling stations were set 
up on 15 trees in a 5-acre orchard by spraying small 
areas of foliage with a water solution containing 5% of 
a liquid corn protein hydrolysate and 0.05 mc. of P® 
per ml. This procedure resulted in P*-labeling of 


In studying movements of insects, the labeling 
of a natural population may have certain ad- 
vantages over the releasing of laboratory-reared 
and -labeled populations. The behavior of a 
reared or caged population may differ from that 
of a natural population, or release of a large 
number of insects in a native population may 
alter migratory tendencies. Labeling of a wild 
population permits observation on the flight 
behavior of insects of a wider range in age and of 
various tendencies to migrate. Furthermore, 
certain insects that may be reared in large 
numbers only with great difficulty may be 


rapidly and efficiently labeled by exposing a 


natural population in a suitable manner to an 
olfactory and gustatory attractant plus an 
isotope. 

The use of radioactive isotopes has become a 
standard technique for labeling insects, and no 
attempt will be made to review this subject. 
Pertinent to this paper, however, is the fact that 
in laboratory studies with the oriental fruit fly, 
Dacus dorsalis Hendel, Roan (1952) observed no 
adverse effects from exposure to different levels 
of beta radiation either in larval rearing or in 
adult feeding. Smith and Bohart (1956) made 
use of strings as a physical attractant for house- 
flies, using sugar to encourage feeding and P*® for 
labeling. 

Preliminary Trial.—Field populations of wal- 
nut husk flies are strongly attracted to and will 
readily feed upon foliage deposits of corn protein 
hydrolysate. A mixture of corn protein hydroly- 
sate and P*® was prepared; 1.3 ml. of a P**-solution 
containing 1 me. of H;P*0, per ml. of 0.12N 
HCl, neutralized with NaHCOs;, 1.0 ml. Staley 
No. 7,5 and 7.7 ml of water. Preliminary obser- 
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approximately 15% of the natural orchard population. 
Recovery of labeled flies in traps placed at various 
distances from the baited trees both inside and outside 
the orchard revealed the flight habits of the adults. 
Labeled walnut husk fly eggs also were recovered in the 
orchard and a lauxanid fly population was partially 
labeled. 


vations with caged flies in the laboratory showed 
that newly emerged caged flies were not strongly 
attracted to deposits of corn protein hydrolysate 
on foliage, in contrast to the behavior of field 
populations in this respect. However, caged flies 
feeding on the deposit were strongly labeled. 

A preliminary field trial was then carried out in 
a walnut orchard which had not been treated for 
husk fly control for several years, and which had 
a high population of walnut husk flies at the 
time of the experiment. This 5-acre Eureka 
planting consisted of 7 rows, each 13 trees long, 
with a tree spacing of 48 feet. Two 1-foot-square 
areas of foliage on one tree were treated on 
August 26, 1957, with the P*-labeled bait. Of 
3,176 flies caught in five glycine-sodium hydroxide 
bait pans (Boyce & Bartlett 1941) throughout the 
orchard during the ensuing 15 days, 38 flies 
(about 1%) were labeled. One labeled fly was 
caught 4 rows from the baited tree 24 hours 
after treatment, and on the fourth day 2 labeled 
flies were trapped within the orchard at a distance 
ot 380 feet from the baited tree. The average 
label on the 16 flies caught during the period of 
2 to 8 days after the baiting of the foliage was 
determined on the ninth day by grinding them in 
5 ml. of water, air-drying a 1 cc. aliquot, and 
determining the activity in this aliquot. The 
average label was 8022 c.p.m. per fly. 

Further Experiment.—This demonstration of the 
feasibility of field-labeling led to a more extensive 
experiment. In this trial the amount of P® in 
the solution applied to the foliage was reduced, 
since the average label attained in the preliminary 
trial was higher than needed. The foliage pre- 
viously treated was removed. 

On September 12, 1957, bait solution (200 ml.) 
was prepared from a fresh 10-mc. shipment of 
radioisotope: H;P*0, solution (neutralized) 13.5 
ml., Staley No. 7 20 ml., and water 166 ml. 
Half of this was placed in each of two 6-ounce- 
capacity air-pressure sprayers. Two areas of 
foliage including from 4 to 5 compound leaves 
were sprayed, one on the inside and the other on 
the outside of the upper portion of each of 15 





1959| Barnes: 
walnut trees at one end of the walnut orchard. 
The area in which the P*-baited trees were 
located was posted, and each treated branch was 
tagged so that it could quickly be located for 
removal from the orchard. At the conclusion of 
the trial, the treated foliage, still showing strong 
beta activity, was clipped from the trees and 
stored for decay. 

Of 324 flies caught within 26 hours after treat- 
ment, in 5 bait pans in the treated trees, 57 were 
labeled. Thus about 15% of the flies in the 
baited trees were rapidly labeled. Of these, 60% 
were females. To determine the average label, 
a sample of 36 of these flies was ground in 10 ml. 
of water, aliquots were air-dried, and radioactivity 
was determined. After 2 days, the average label 
was 1115 c.p.m. per fly. 

Subsequent bait-pan catches were somewhat 
lower because of cool weather. For the second 
and third day following foliage treatment, five 
traps were distributed through the orchard, as 
follows: (a) one in the treated area, (b) two 
144 feet distant, and (c) two at the far end of the 
orchard, a distance of 380 feet from the treated 
trees. The number of labeled flies caught and 
the percentage of the catch labeled during the 
second and third days at the indicated locations 
were (a) 2 (18%); (b) 10 (18%); and (c) 6 (16%). 

At the station 380 feet from the treated area, 
the fly population had been consistently very 
much lighter than in the treated area of the 
orchard, bait-pan catches being 85% less at this 
end of the orchard for the previous 8 weeks. Five 
bait pans were installed at this distance for the 
seventh day after baiting the foliage. Of the 41 
flies caught, 9 (22%) were labeled. Bait pans 
were then placed at the labeled end of the orchard, 
and during the period of 8 to 11 days after foliage 
treatment, 399 flies were caught, of which 57 
(14%) were labeled. 

These results within the orchard show that a 
substantial proportion of the existing walnut husk 
fly population was readily labeled by the described 
procedure. In summary, during the first 11 days 
after baiting the foliage, 736 flies were trapped in 
the treated trees, of which 116 (16°) were 
labeled. During the first 7 days after baiting, 
134 flies were trapped in other portions of the 
orchard, of which 25 (19%) were labeled. This 
shows that the husk flies were moving about and 
redistributing themselves through the orchard 
fairly rapidly and that the procedures described 
succeeded in labeling approximately 15% of the 
entire population within this 5 acre orchard. 

Flight Range—The same day that foliage was 
baited on the 15 orchard trees, 82 sticky traps 
were placed at various locations outside the 
orchard. These traps were 1-quart frozen-food 
cartons lined on the inside with a sticky material 
and each was baited with 1 ounce of powdered 
ammonium carbonate. Such traps are well 
suited for the purpose at hand, being attractive 
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to both sexes of the walnut husk fly, though 
catching slightly more females than males 
(Barnes & Osburn 1958). These traps require 
less servicing than bait pans. It was found 
that it was not necessary to remove the flies 
from the sticky traps to determine whether they 
were labeled. Both the laboratory monitor and 
the field survey meter used detected these 
through the cardboard side of the trap. On the 
other hand, it was necessary to bring the flies 
caught in the bait solution to the laboratory and 
rinse them with water before monitoring, to avoid 
damage to equipment from the rather caustic bait 
solution. 


WALNUTS 


*T3 MILE) 


PEACHES 


(3 71W 6°) 


WALNUTS 


o = TRAP LOCATION 
@ = TRAPS CATCHING LABELED FLIES 


— =F32-BAITED TREES 


Fic. 1.—Map showing P*-baited trees, location of 
traps outside of baited orchard, and traps catching 
labeled flies. 


The sticky traps were hung in scattered door- 
yard walnut and peach trees and in two peach 
and walnut orchards lying within a radius of 
0.25 mile of the baited orchard (see fig. 1). In 
addition, five bait pans containing the glycine- 
sodium hydroxide bait solution were operated in 
each of four Eureka walnut orchards at distances 
ranging from 0.3 to 0.9 mile from the baited 
orchard. 

Fourteen sticky traps in the first row of a 
peach orchard across a road and 150 feet from 
baited trees within the orchard (see fig. 1) had 
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caught 18 husk flies by the fourth day; of these, 
2 females were labeled. These traps were then 
removed because their proximity might attract 
flies from the orchard. On the 19th day, the rest 
of the sticky traps were removed. The 68 traps 
remaining in the surrounding area within a radius 
fo 0.25 miles contained a total of 1563 walnut 
husk flies. Fourteen of these traps contained 
15 labeled flies (13 females and 2 males) for a 
total of about 1% labeled flies. From figure 1, 
the location of the positive traps with respect to 
the baited orchard trees is shown. 

In a walnut orchard 0.3 mile distant, a labeled 
female was caught on the fourth day and out of 
440 flies trapped during the period 7 to 12 days 
after baiting, 3 males and 2 females were labeled, 
for a total of about 1% labeled flies. Since only 
15% of the flies in the baited orchard were 
labeled, it may be inferred that about 7°% of the 
flies in the orchard 0.3 mile distant were derived 
from the baited orchard. On the 12th day these 
5 flies had a “‘label’”’ ranging from 110 to 910 
c.p.m. above background, as measured from the 
entire fly at a distance of 14 inch with a laboratory 
monitor. 

In a Eureka walnut orchard 0.9 of a mile distant 
from the P*-baited orchard, 330 flies were 
trapped during the third week after baiting. Of 
this total, | female and 1 male were labeled. 

It was previously concluded from recoveries 
within the orchard that populations redistribute 
themselves fairly rapidly over a 5-acre planting. 
From subsequently described recoveries of labeled 
walnut husk flies outside the orchard it is con- 
cluded that at mid-September the comparatively 
mature population under observation vontributed 
about 7% of the individuals in the population 
in the surrounding area 0.25 mile in diameter. 
Furthermore, approximately the same fraction 
of the population in an orchard 0.3 mile distant, 
this distance interspersed with a variety of trees, 
was derived from the P**-baited orchard. If this 
rate of migration-were the same over the entire 
season, beginning with emergence in late July, it 
would not be difficult to suppose that as much 
as one fourth or more of the population 14 mile 
distant was so derived. Since labeled flies were 
collected during the third week at a distance of 
almost 1 mile, it may be concluded that this 
species in a given season may easily be expected 
to spread a few miles under reasonably favorable 
circumstances. 

The field labeling procedure, as described, does 
not permit estimation of the total number of 
flies labeled. An approximation of this number 
could be obtained, however, by a well-distributed 
release of a relatively small number of labeled 
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flies in the orchard, and estimating the orchard 
population by the proportion of these in im- 
mediate bait-pail or trap returns. This would be 
followed at once by baiting the orchard with P® 
plus attractant and estimating the total number 
labeled from the percentage of labeling which 
results. 

Labeled Eggs.—In the treated orchard 56% of 
the female walnut husk fly population had ovaries 
containing eggs, as determined by dissection of a 
sample 200 females caught on September 4. 
Though no extensive study of radioactive eggs 
was made, it is of interest to note that these were 
readily collected. On September 17, 14 walnuts 
with fresh oviposition punctures were collected 
at random in the baited area of the orchard. 
The eggs from these walnuts were pooled and 
thoroughly washed with water. The 133 eggs 
in the total sample were subsampled, and 13 
proved to be labeled. The individual egg “‘label’’ 
averaged 66+13 c.p.m. Two facts suggest that 
the labeled group may have come from one egg 
puncture. The average number of eggs laid in a 
single site by this species is 16 (Boyce 1934), and 
the range of the egg “‘labels’’ was low. The 
recovery of labeled eggs from such a _ small 
sample suggests the possibility of determining 
minimum preoviposition period under varied 
natural field conditions by feeding newly emerged 
females on water solutions of P*®, releasing these 
in reasonably large numbers, and then sampling 
the fresh stings for labeled eggs. 

A Lauxanid.—The lauxanid 


fly, 


Minnettia 


flaveola Cogq.,* exhibits olfactory responses similar 


to those of the walnut husk fly in that it is also 
attracted to corn protein hydrolysate and am- 
monia. Large numbers of this species have been 
found in trays beneath foliage treated with corn 
protein hydrolysate and malathion, and in sticky 
traps baited with ammonium carbonate. This 
olfactory behavior resulted in the collection of 7 
labeled specimens of this insect in sticky traps 
as far as 0.2 mile from the baited orchard. 
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THE LOCOMOTION OF LETHOCERUS (HEMIPTERA, BELOSTOMATIDAE)' 
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ABSTRACT 


The external and internal skeleton and the muscula- 
ture of the pterothorax of Lethocerus are described and 
figured. Studies of these structures revealed that the 
front and hind wings possess definite mechanisms for 
coaptation, and that torsion of the wings is regulated 


The species of Lethocerus, or giant water bugs, 
are among the largest insects in the world. 
They spend most of their life in the water, but 
occasionally fly at night and frequently congregate 
in large numbers about lights during warm, humid 
nights. They have powerful, flattened, middle 
and hind legs, developed for swimming, and the 
front and hind wings are well developed for 
flight. This dual existence in air and water has 
resulted in morphological differences not found 
in land-air insects. Lethocerus, because of its 
large size, is an ideal genus for study, and a 
suitable representative of the other Hemiptera 
which are adapted for aquatic life. 

This paper is concerned with a single phase of 
adaptation, that of locomotion. The mechanisms 
involved have peculiarities that are unknown 
among the insects whose movements are most 
often described. The external anatomy, internal 
anatomy, and muscles of the pterothorax, and 
their relationships to one another, are discussed 
in parts I through IV, respectively. The study is 
based on the African species, Lethocerus cordofanus 
Mayr, although specimens of Lethocerus uhleri 
(Montandon) and Lethocerus annulipes (Herrich- 
Schaeffer) were also examined, as well as speci- 
mens of another belostomatid, Belostoma flu- 
mineum Say, two nepids, Ranatra fusca Palisot de 
Beauvois and Nepa apiculata Uhler, and one 
corixid, Sigara alternata (Say). The mechanisms 
described are similar in all these species. 

Medial longitudinal, and several transverse, 
dorsal, and ventral sections were dissected The 
nomenclature used is principally that of Snodgrass 
(1929 and 1935). 

I wish to express my sincere appreciation to 
Professor L. E. Chadwick, of the University of 
lliinois, for his helpful suggestions in the prepara- 
tion of the manuscript. 


EXTERNAL SKELETON OF THE 

PTEROTHORAX 

Lethocerus is convexly, dorsoventrally flat- 
tened, with the sides tapering to lateral ridges. 
The pleural sclerites are ventral in position. 

The mesonotum (fig. 1) is overlapped dorsally 


PART I. 
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by modified external sclerites rather than by the muscu- 
lature of the basalare and subalare. The structure and 
musculature of the middle and hind legs are described, 
and the swimming mechanisms discussed. 


by the pronotum. A secondary suture (ss) 
divides the mesonotum into a prominent scutum 
(sc2) and a scutoscutellum (sc-scle). The con- 
vergent sutures (cs) form a tricarinate scutum. 
The prescutum (prsce), or combined prescutum 
and lateral phragma, is reduced and obliterated 
mesally by the caudal extension of the first 
phragma (/ph); nevertheless, the lateral margins 
connect with the episterna, forming the prealar 
bridges (fig. 3, praz). Larsén (1945), and other 
authors, overlooked the prescutum and mis- 
identified the scutum, calling it the prescutum, 
while the remaining triangular sclerite was 
correctly identified as the scutoscutellum. The 
postnotum is reduced to small sclerites (paz) 
surrounding the metathoracic spiracles and the 
wing grooves (wg) which border the caudal 
margin of the scutoscutellum. These sclerites 
join with the mesepimeron to form postalar 
bridges (paz). 

The metanotum (fig. 1) is overlapped medially 
by the scutoscutellum of the mesonotum. The 
metanotum lengthens laterally, following the 
course of the wing grooves (wg) of the mesonotum. 
Directly beneath the tip of the scutoscutellum of 
the mesonotum is a small hexagonal sclerite, 
probably representing the metascutellum. The 
large lateral sclerites are most likely the meta- 
scutum (sc3), but there seems to be little agree- 
ment among authors concerning these divisions. 
The postnotum is present as a thin sclerite which 
lengthens slightly laterally, forming postalar 
bridges (pa3) which fuse laterally with the 
metepimeron (epms). 

The pleural sclerites (fig. 2) constitute the 
major portion of the venter. The mesepisterna 
(epse) fuse medially with the sternum. The 
mesepimera (epm2) extend caudad, covering the 
lateral margins of the metapleura. The metepi- 
sterna (eps3) are bordered caudally by the 
abdomen. The metepimera (fig. 1, epms) are 
narrow, longitudinal sclerites on the lateron. 

The sternum is reduced to relatively narrow, 
median sclerites of the venter. The large visible 
sternal plates are the basisterna (bs, and bss). 
Beneath the coxae of the middle legs is a meso- 
sternellum (s/z), and probably an intersegmental 
sclerite (2is) which has fused with the meso- 





94 Annals Entomological Society of America 


sternellum and metabasisternum. Beneath the 
hind coxae are the metasternellum (s/;) and the 
second abdominal sternite (2S). 

The second axillary sclerite (fig. 7, 2ax.) and 
the humeral plate (ps) of the fore wing articulate 
ventrad on the pleural wing process of the 
mesopleuron. Dorsally the first axillary sclerite 
(lax) is inserted in the membrane between two 
ill-defined notal wing processes. The third 
axillaries (3ax2) do not articulate with the notum. 
The articulations of the hind wing (fig. 6) are 
fundamentally the same as those of the fore wing, 
except that the third axillaries (8ax3) articulate 
with the notum. The veins of the front and hind 
wings are shown in figures 4 and 5, respectively. 

The front wing, or hemelytron, has the typical 
hemipterous coriaceous clavus and corium, and a 
membrane. The front wing is intricately designed 
to fit firmly and tightly against the notum. 
Hamilton (1931) discusses three ways in which 
the front wings of Nepa fit firmly to the notum. 
The mechanisms of Lethocerus do not deviate 
substatially from those of Nepa. The most 
effective device is the ball (fig. 1, wb) and socket 
(fig. 4, ws) of the mesepimeron and the hemely- 
tron, respectively. The ball protrudes dorsally 
from the caudal margin of the mesepimeron, and 
fits into the socket located on the costal margin of 
the hemelytron. Secondly, the connexivum, or 
lateral margin, forms a ridge over which the 
thickened edges of the costal margin fit. Lastly, 
the mesal border of the clavus corresponds to 
the wing grooves (fig. 1, wg) of the postnotum. 

Hamilton states, in addition, that the coapta- 
tion between the hemelytron and the hind wing 
is weak. He and other authors failed to find the 
unique catch with which the front and hind 
wings are firmly attached to one another. Near 
the apex of the clavus is a clip (fig. 4, wc) on the 
under side of the hemelytron. This clip fastens 
to the thickened costal margin of the hind wing. 
Not only is it able to grasp this wing firmly, 
but, as the wings move forward and backward, the 
clip slides along the margin of the wing, allowing 
a great amplitude of flexibility. 
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The middle and the hind legs are similar in 
structure (fig. 8), and fitted for swimming. The 
elongated coxae (cx) articulate on the pleurocoxal 
processes and the sternum, and are overlapped 
externally by the episterna. The dicondylic 
trochanter (tr) is attached on the lateron to the 
coxa. The femur (fm) is articulated by a single 
hinge to the trochanter. The tibia (tb) and the 
tarsus (tar) are dicondylic, like the trochanter. 


INTERNAL SKELETAL STRUCTURES 
OF THE PTEROTHORAX 

The pterothoracic cavity (figs. 11-13) of 
Lethocerus is braced by a complexity of apodemes 
which serve as attachments for the various 
muscles. The more prominent of these apodemes 
are the phragmata, the pleural apophyses, and 
the furcae. 

The phragmata, or enlarged antecostae, form 
large transverse plates on the anterior and 
posterior margins of the mesonotum. These are 
called the first (lph) and the second (2ph) 
phragmata, respectively. The antecosta (3ph) 
on the caudal margin of the metanotum (post- 
notum) is reduced and not actually developed 
into a phragma. The second phragma is large 
and divided laterally by strong sclerotized ridges 
which extend ventrad and fan into large plates 
(fig. 11). These ridges divide the phragma into 
a median phragma (2ph) and two lateral phrag- 
mata (2/ph). 

The furcae (figs. 11-13, fu), or sternal apoph- 
yses, extend upward from the sternal floor 
between the basisternum and the sternellum, and 
are represented externally by the sternal pits. 
The prothoracic furca (fm) has two caudally 
directed prongs which extend into the meso- 
thoracic cavity. The furca of the mesothorax 
(fuz) has lateral arms extending laterad almost 
to the pleural apophyses (flr2). Each arm is 
terminated by a large circular plate. Dorsally, 
this furca almost reaches the plates of the second 
phragma. Each metathoracic furca (fu3) has 
two pairs of arms. One pair extends toward and 
nearly touches the mesothoracic furca, while the 


PART II. 


EXPLANATION OF ABBREVIATIONS 


A, anal vein 

ax, axillary sclerite 

bs, basisternum 

C, costal vein 

cl, clavus 

co, corium 

cs, convergent suture 

cx, coxa 

cxl, anterolateral apodeme of coxa 
cxl’, posterolateral apodeme of coxa 
cxm, mesal apodeme of coxa 

Cu, cubital vein 

epm, epimeron 

eps, episternum 

fm, femur 

fu, furca 

hp, humeral plate 


M, median vein 
me, membrane 


pa, postalare 
ph, phragma 
pN, postnotum 
pra, prealare 
prsc, prescutum 
ptar, pretarsus 


R, radial vein 


Sc, scutum 


is, intersegmental sternite 
lph, lateral phragma 


mp, median plate 


pir, pleural ridge 


plara, apodeme of pretarsus 


S, sternite of abdomen 
Sc, subcostal vein 


se-scl, scutoscutellum 

sl, sternellum 

ss, secondary suture 

stg, stigma 

T, tergite of abdomen 

lar, tarsus 

tarv, ventral apodeme of tarsus 
tb, tibia 

thd, dorsal apodeme of tibia 

ibv, ventral apodeme of tibia 

tr, trochanter 

trl, lateral apodeme of trochanter 
trm, mesal apodeme of trochanter 
wb, wing ball 

we, wing clip 

wg, wing groove 

ws, wing socket 





Locomotion of Lethocerus 


David R. Lauck 


“ptar 
2.—Pterothorax, 
ventral aspect; Fic. 3.—Pterothorax, cephalic aspect; Fic. 4.—Left Hemelytron, ventral aspect; Fic. 5.—Right 
hind wing, dorsal aspect; Fic. 6.—Basal sclerites of right hind wing, dorsal aspect; F1G. 7.—Basal sclerites of 
right hemelytron, dorsal aspect; FiG. 8.—Left middle leg, caudal aspect; Fic. 9.—Right middle coxa, caudo 
dorsal aspect; Fic. 10.—Right middle leg, showing internal apodemes, caudal aspect. 


Fic. 1.—Pterothorak of Lethocerus, dorsal aspect, with wings removed from left side; Fic. 
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other extends dorsolaterad into the metathoracic 


cavity. 

The mesopleural suture has a_ prominent 
inflection called the pleural apophysis (plre), 
which is near the anterolateral margin of the 
mesothorax. The metathorax does not have a 
prominent apophysis, but does bear pleural 
ridges (pirs) between the episterna and the 
epimera. 

The middle andj hind legs also have internal 
apodemes (figs. 9, 10) which are important for 
muscle attachment. The coxa (fig. 9) has a 
mesal (cxm) and a lateral (cxl) apodeme on the 
anterior margin, and a large lateral apodeme 
(cxl’) on the caudal margin. All of the coxal 
apodemes extend into the thoracic cavity. The 
trochanter has a very long mesal apodeme (trm), 
which extends into the thorax, and a shorter 
lateral apodeme (fig. 10, trl). The femur is 
without an apodeme. The tibia has a dorsal 
apodeme (thd), which extends nearly the entire 
length of the femur, and a short ventral apodeme 
(tbv). The tarsus has a single, short, ventral 
apodeme (tarv). The pretarsus has a single, long, 
rod-like apodeme (ptara) which extends to the 
middle of the femur. 


THE MUSCLES OF THE PTEROTHORAX 
AND THEIR FUNCTION 
A total of 42 muscles was found in the ptero- 
thorax of Lethocerus. The muscles of the meso- 
and metathorax have the following designations 
and functions. 


PART III. 


1. Dorsal muscles. 

a. lph-2ph; sc.-2ph (fig. 14). These mus- 
cles are incorporated into a single, large, 
dorsomesal, longitudinal muscle of the 
mesothorax. This is the largest muscle 
in Lethocerus. It compresses the thorax, 
causing the notum to arch, which in 
turn depresses the wings. 

. $¢-SCl-2 ph (fig. 17). This pair of oblique 
dorsolongitudinal muscles originates on 
the anterolateral margins of the scuto- 
scutellum, and is inserted on the cephalo- 
dorsal surfaces of the expanded plates 
between the laterophragmata and the 
median phragma (fig. 11). These muscles 
also serve as depressors of the wings. 
The metanotum is_ without dorsal 
muscles. 


Ventral muscles. 

a. fu-fue (fig. 14). This pair of relatively 
large miscles extends from the caudal 
tips of the prothoracic furca to the 
anterior base of the mesothoracic furca. 
They are retractors of the prothorax 
and therefore indirect flexors of the 
wings. 


b. fue-fus (fig. 15). These muscles extend 


3. 


> fus-2S (fig. 15). 
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the mesothoracic furcal arms 
and the anterior arms of the meta- 
thoracic furca. They are very short, 
and undoubtedly help strengthen the 
internal framework. 

This pair of muscles 
extends from the dorsolateral arms of 
the metathoracic furca to the second 
abdominal sternite. They are probably 
depressors of the abdomen. 


between 


Tergosternal muscles. 


a. 


. fuy-prsc, (fig. 14). 


. dph-fus 


Sco-bsp (fig. 15). This pair of large 
muscles extends from the laterocaudal 
margin of the scutum (anterior of suture 
ss) to the basisternum. They are sepa- 
rated ventrally by the prominent median , 
longitudinal ridge of the basisternum. 
Contraction of these muscles compresses 
the thorax, thus elevating the wings. 
They are absent in the metathorax. 
These are actually 
prothoracic muscles, but they occur 
within the pterothoracic cavity because 
of the caudal extension of the pro- 
thoracic furca. They extend from the 
arms of that furca to the laterocephalic 
edges of the mesoprescutum. They are 
primarily protractors of the prothorax 
in Lethocerus. : 
2ph-fu, (fig. 14). A pair of short 
muscles connecting the mesothoracic 
furca with the flettened, disk-like plates 
of the second phragma. These muscles 
help strengthen the internal framework. 
(fig. 14). A conical pair of 
muscles extending from the dorsolateral 
arms of the metathoracic furca to the 
third antecosta (3ph) of the first abdom- 
inal tergite. Contraction of these mus- 
cles compresses the metathorax and 
abdomen. 


Tergopleural muscles. 


a. 


3aX2-e ps2; 3ax-eps; (fig. 18). The muscles 
of the third axillary sclerites originate 
in the cephalolateral corners of the 
episterna and insert on the third 
axillaries. These muscles are the flexors 
of the wings. 


Pleurosternal muscles. 


a. 


epss—bsy (fig. 16). A pair of relatively 
large muscles extending between the 
lateral edges of the basisternum and the 
mesepisterna. Their function is un- 
known. 

plro-fuz (not figured). A pair of short, 
thick muscles extending between the 
apical plates of the lateral apodemes of 
the mesothoracic fureca and the pleural 
apophyses. Their function is unknown. 





Locomotion of Lethocerus Piate II 
David R. Lauck 


Fic. 11.—Transverse section through mesothorax of Lethocerus, showing internal skeleton, cephalic aspect; 
Fic. 12.—Transverse section through metathorax, showing internal skeleton, caudal aspect; Fic. 13.—Median 
sagittal section through pterothorax, showing internal skeleton, mesal aspect; Figs. 14 to 18.—Median sagittal 
sections through pterothorax, showing muscles from the meson laterad, respectively, mesal aspect. 
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6. Coxal muscles. 

a. S¢-SClo—CxX2; SC3-cx3 (figs. 16, 17). These 
muscles originate on the anterolateral 
margins of the scuta and are inserted 
on the cephalomesal apodemes of the 
coxal rims. They are rotators of the 
coxae and promotors of the legs. 
sc-scl's—cx's; sc’s-cx’; (fig. 18). These 
muscles originate on the caudolateral 
margins of the scuta and are inserted on 
the laterocaudal apodemes of the coxal 
rims. They function as rotators of the 
coxae and remotors of the legs. 
€pse-Cx2; epss—cx; (fig. 18). Thin, fan- 
shaped muscles originating on the 
anterior margins of the episterna and 
inserted on the cephalolateral apodemes 
of the coxal rims. They are rotators of 
the coxae and promotors of the legs. 

d. fus-cxs (not figured). These muscles 
originate on the anterior arms of the 
metathoracic furca and extend to the 
caudomesal rims of the coxae. They 
are rotators of the hind coxae and 
remotors of the hind legs. 


Trochanteral muscles. 

a. sc-Sclo—-tre; sc3-trs (figs. 15, 16). These 
muscles originate on the lateral margins 
of the scuta and are inserted on long 
apodemes, extending into the thoracic 
cavity. The apodemes attach to the 
mesal margins of the trochanters. They 
function as depressors of the trochanters. 

. flz-tre; fus-tr; (figs. 14, 17). These 
muscles originate on the lateral arms 
of the furcae and are inserted on the 
same apodemes as in 7.a. above. They 
are also depressors of the trochanters. 
eps tf; fu's tr’; (fig. 14, 17). The 
homology of these two muscles is 
questionable. The mesothoracic pair 
originates on the episterna, the meta- 
thoracic pair on the anterior arms of the 
furca. They all insert on the same 
apodeme as in 7.a. above, and are also 
depressors of the trochanters. 

. €X—-tre; Cx3—-trs (not figured). These mus- 
cles originate on the mesal walls of the 
coxae, and are inserted on the same 
apodemes as in 7.a. above. They are 
also depressors of the trochanters. 
cx's-tr's; cx’s-tr’3 (not figured). These 
muscles originate on the lateroventral 
walls of the coxae and attach to short 
apodemes on the lateral edges of the 
trochanters. They are levators of the 
trochanters. 


8. Femoral muscles. 
a. tre—fez; trs—fe; (not figured). The femur 
has a single muscle which originates on 


[Vol. 52 


the trochanter and is inserted on the 
caudoproximal margin of the femur. It 
is a remotor of the femur. 


Tibial muscles. 

a. fes—the; fes-tbs (not figured). These mus- 
cles originate on the dorsal margins of 
the femora and are inserted on long 
apodemes attached to the dorsoproximal 
rims of the tibiae. They are depressors 
of the tibiae. 

. fe'r-th’s; fe’'s-tb’; (not figured). These 
muscles originate on the ventral margins 
of the femora and are inserted on short 
apodemes attached to the  ventro- 
proximal rims of the tibiae. They are 
depressors of the tibiae. 


10. Tarsal muscles. 

a. tbe-tare; tb3;-tar; (not figured). These 
muscles originate on the ventral margins 
of the tibiae and are inserted on the 
ventroproximal rims of the tarsi. They 
are depressors of the tarsi. 


Pretarsal muscles. 

a. thy—plare; tbs—ptars; (not figured). These 
muscles originate on the dorsoproximal 
margins of the tibiae, and are inserted 
on long, rod-like apodemes which extend 
from the pretarsi to the femora. They 
are retractors of the ungues. 

b. feo—ptare; fes—ptars; (not figured). These 
muscles originate on the dorsal margins 
of the femora, and are inserted on the 
same apodemes as in 1l.a. above. They 
are also retractors of the ungues. 


PART IV. SWIMMING AND FLIGHT 


The movements of swimming and flight are 
dependent on the muscles and their action on 
the individual sclerites. The manipulations of 
the sclerites as levers produce a mode of swimming 
that is also somewhat characteristic of the adults 
of Coleoptera. The regulatory mechanisms for 
flight, however, differ from those of all other 
insects as presently known. 

Swimming.—Both middle legs of Lethocerus 
move forward and backward simultaneously, 
alternating with the two hind legs. In the 
forward position of a middle leg, the coxa is 
rotated slightly forward (contraction of epse—cxe) 
and (sc-sclo—cx2), the femur is flexed forward 
(contraction of cx’s-tr’s), and the tibia and tarsus 
are extended (contraction of fe.-tbe). The power 
and thrust stroke is primarily the result of the 
use of three large trochanteral muscles which 
extend and depress the leg, while, at the same 
time, the coxa rotates posteriorly (contraction of 
sc-scle-cx'»), and the tibia and tarsus are flexed 
(contraction of fe’s-tb’,). The surface area is 
increased for the thrust stroke by the fanning of 
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hairs on the ventral margins of the tibia and 
tarsus. As the leg slides forward in recovery 
the hairs collapse and the surface area is decreased ; 
the coxa rotates forward and the leg is again 
flexed forward by the levator of the trochanter. 
The hind legs function in the same manner, and 
are dorsad of the middle legs during the recovery 
stroke. 

Flight.—The flight mechanism of Lethocerus is 
not as well known as the movements of swimming. 
I have seen large numbers of Lethocerus in flight 
on two-occasions, once in Egypt and once in 
Mexico. Before flight the bug is poised momen- 
tarily with the head elevated. The body oscillates 
with vigorous movements of the thoracic muscles, 
indicated by the distorted shape of the notum. 
The pronotal shield then separates from the 
mesonotum (contraction of fm—prsce), the wings 
are extended, and the insect takes flight. 

The wings extend without the aid of basalar 
muscles. The basalare and its muscles are 
absent in Lethocerus; instead, there is a unique 
arrangement of sclerites at the base of the 
hemelytron and on the pleuron. The humeral 
plate of the fore wing has a hollowed socket which 
fits over a corresponding rounded projection on 
the episternum near the pleural wing process. 
This ball-and-socket is devised so that, as the 
wing is depressed by the dorsal longitudinal 
muscles (contraction of 1ph—2ph and sco—-2ph), the 
socket is forced forward over the condyle, causing 
the wing to extend when at rest and to bring the 
leading edge forward and downward over the 
sloping edge of the mesepimeron until the latter 
rests in a recess at the base of the wing. However, 
before the wings may be extended, the wing 
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socket must be released. This is probably 
accomplished by a combination of contractions 
of the third axillary muscle (3ax) and the tergo- 
sternal muscles (sc—bs2) which levate the wings. 
The tergosternal muscles would also raise the 
wing and enable the costal vein of the hemelytron 
to slide over the epimeron. As the wings are 
extended, the wing catch of the fore wing grasps 
the costal margin of the hind wing, and the two 
wings function as a single unit. This coaptation 
is strengthened by the dorsal overlap of the 
clavus and tip of the fore wing. 

In flight the strong dorsal longitudinal (contrac- 
tion of 1ph-2ph and sc2-2ph) and tergosternal 
muscles (contraction of sc.—bs2) indirectly manipu- 
late the downbeat and upstroke, respectively. 
The above-mentioned ball-and-socket regulates 
the cephalic and caudal movements, taking the 
place of the usual basalare and subalare and 
their corresponding muscles. 

At the end of flight, the wings are flexed by 
the muscles of the third axillaries (3ax), and by 
retraction of the pronotum over the base of the 
hemelytron through contraction of the ventral 
furcal muscles (fu;—prsc2). 
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ABSTRACT 


Eggs of the army cutworm, Chorizagrotis auxiliaris 
(Grote) (Lepidoptera: Noctuidae), hatched at tempera- 
tures above 0° C.; moisture favoured hatching; and the 
eggs hatched within 6 days at 20° C. or higher. The 
durations of the incubation period for the egg and of the 
larval and pupal stages varied inversely with tem- 
perature; at 25° C. these periods were 5.3, 48.0, and 
19.2 days, respectively. Diapause was not apparent in 
these stages. The moths were long-lived, but food was 
necessary for survival for prolonged periods. The dura- 
tion of the pre-oviposition period varied inversely with 


The army cutworm, Chorizagrotis auxiliaris 
(Grote), is frequently a pest of cereal grains and 
forage crops in the plains areas of the United 
States and Canada. Its life history has been 
known for some time (Cooley 1910, 1916, Strick- 
land 1916, Seamans 1928). The egg, larval, 
pupal, and adult stages have been described by 
Strickland (1916). Walkden (1950) reported on 


the number of larval instars, measurements of 
the width of the head capsule, and duration of 


each instar. Seamans (1927) reviewed the life 
history and behavior in the field and outlined a 
method of forecasting abundance. 

Notes on occurrence, infestation, and losses 
from this insect have been reported frequently 
in the literature since 1905, but laboratory infor- 
mation on its biology is meager. 

Since 1951, severe infestations occurred yearly 
in Montana, Wyoming, and Colorado in the 
United States, and since 1955 in Alberta and 
Saskatchewan in Canada. This provided an 
opportunity to secure material for the laboratory 
study on development and behavior reported 
herein. 

Materials and Methods. Larvae in the various 
stages were reared and stored until required, by 
the methods described by Blakeley et al. (1958). 
Food for larvae, except as noted, consisted of 
leaves of dandelion. The durations of the egg 
stage at various temperatures were determined 
from 10 replicates of not fewer than 100 eggs at 
10°, 15°, 20°, 25°, and 30° C. Observations on 
hatching were made at 12-hour intervals. The 
durations of the pupal stage were determined from 
4 replicates, each with 5 females and 5 males, at 

\Chorizagrotis auxiliaris (Grote) (Lepidoptera: 
Noctuidae). 

2Contribution No. 3791, Entomology Division, Science 
Service, Department of Agriculture, Ottawa, Canada. 
Accepted for publication May 19, 1958. 
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The optimum temperature for oviposition 
at which temperature egg laying con- 
Each female was capable of 
laying 1,000 eggs or more. More eggs were laid in con- 
tinuous dark than in continuous light. At 20° C. the 
pre-oviposition and oviposition periods were prolonged 
when the daily photoperiod was 16 hours or longer and 
shortened when the photoperiod was of short duration. 
Larvae fed dandelion had fewer instars and a shorter 
larval period, produced heavier pupae, and gave rise to 
moths that laid more eggs than larvae fed on alfalfa. 


temperatvre. 
was near 20° C., 
tinued for about 30 days. 


10°, 15°, 20°, 25°, and 80° C. Hatching was 
determined from 5 replicates of 10 eggs at relative 
humidities of 3, 25, 50, 75, and 97 percent at 
25° C. Measurements of the width of the head 
capsule were made on 25 larvae for each instar. 
The durations of the pre-oviposition and ovi- 
position periods were determined from 3 replicates 
of 5 females and 4 or 5 males at 10°, 15°, 20°, 
and 25° C. Alfalfa and dandelion were com- 
pared as foods by rearing 50 larvae on each. 

For experiments on oviposition under various 
conditions of light and darkness, as many as 25 
females but not fewer than 5, with equal numbers 
of males, were used. Oviposition cages were 
kept dark in a light-proof cabinet, and light was 
provided by a fluorescent desk lamp that gave a 
light intensity of 80— to 100-foot candles inside 
the cage. A plywood box, 17 x 14 x 42 inches, 
with four compartments was constructed to 
measure the effect of the photoperiod on ovi- 
position. Each compartment was lighted from 
behind a glass window, 4 x 4 inches, with a 25- 
watt incandescent lamp that gave a light intensity 
of 45-50 foot-candles in each compartment. 
Light cycles in three compartments were obtained 
with time watches. The fourth compartment was 
maintained at either continuous light or con- 
tinuous darkness. A twin squirrel-cage fan was 
used to dissipate the heat around the lamps. 
At 20° C. the variation in each compartment of 
the cabinet was within 2°C. Eggs were obtained 
by sifting the soil through a 50-mesh screen at 
the ends of the light and dark periods and, in 
some experiments, at various intervals during the 
dark period. 

Constant temperatures were obtained in “walk- 
in’ temperature rooms where the variation was 
less than 1° C. Relative humidities for egg 
hatching at 25° C. were obtained in desiccators 
with calcium chloride for 0 percent, distilled 
water for 100 percent, and appropriate dilutions 
of sulphuric acid for 25, 50, and 75 percent. 


100 
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Analyses of variance (Snedecor 1946) were 
conducted between various treatments. 


RESULTS 

Egg Stage.—Table 1 shows that the rate of 
development of the embryo varies inversely with 
temperature. Eggs that were fully incubated 
hatched when temperatures were only slightly 
above 0° C., and the rate of hatching was directly 
related to temperature. At 20° C. and above, 
more than 50 percent hatched within 5 days. 
Moisture favoured hatching; at 25° C. the per- 
centages hatching at 100, 75, 50, 25, and O per- 
cent R. H. were 66, 54, 48, 48, and 24, respectively, 
the difference necessary for significance at the | 
percent level being 8 percent. 

Duration of Larval Stage —At room temperature 
(approximately 22° C.) 46 to 49 days were required 


Table 1. 


Durations (d 


Egg Stage 

BUT Nn re 
Range 
32-39 
14-15 
7- 8 
5- 6 


4- 5 


Number | 
250 
250 
250 
250 
150 


Table 2.—Durations of pre-oviposition and ovipo 
females of the army cutworm at 


Pre-oviposition 

Period, Days 

Temperature, 
<M 


Or 


“0 


Range Mean 


23.0 
18.0 
36.2 
159.3 


22-24 

15-20 

30-42 
140-188 


15 
10 


17.7 


from hatching to pupation. At 20° and 25° C. 
the larval period was 35 to 46 days and 46 to 
50 days, respectively. When larvae were reared 
at 30° C. they developed quickly to the second or 
third instar, then ceased feeding, and died. 
Larvae that were reared to the fourth or fifth 
instar at lower temperatures were able to complete 
their larval development at 30° C. 

Duration of Pupal Stage—At the end of the 
feeding period the larvae were quiescent for 2 
to 6 days before pupation. In this prepupal 
period the larvae lost weight rapidly and became 
shrunken and yellow. Duration of the pupal 
period varied inversely with temperature (table 
1), and there was no suggestion of a diapause. 
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At 10° C. pupal development was slow and 
moths did not emerge. After development at 
this temperature for 100 days, moths emerged 
when pupae were placed at 20° or 25° C. At 
room temperature (approximately 22° C.) the 
pupal period varied from 22 to 26 days. The 
duration of the pupal period at each temperature 
was the same for the two sexes. 

Sex Ratio—The sex of pupae is easily deter- 
mined and there were approximately the same 
number of males and females. Of 480 pupae, 
245 were females. 

Longevity and Oviposition of Moths.—Longevity 
of moths that were fed varied inversely with 
temperature (fig. 1), and duration of adult life 
was reduced when food was not available (fig. 2). 
At low temperatures the moths were longlived; 
at 10° C., 50 percent mortality did not occur until 


ays) of egg and pupal stages of the army cutworm at various constant temperatures 


Pupal Stage 


Mean | Number | Range 
36 
15 


0 
0 
6 
3 
( 


54-62 
26-31 
19-20 
13-14 


10 
40 
40 
40 


“IN Ors 


7 
5 
4 


) 


‘ 
sition periods of and numbers of eggs laid by five 
various constant temperatures 


Oviposition 


Period, Days Number of Eggs 


Range Mean Range Mean 
3377 
3892 
5416 
1008 


1620-7080 
760-5960 
690-9540 
400-2250 


66 
31. 
40 


éé 


0 
2 
0 
0 


65-67 
15-33 
20-97 
39-115 


9 


44.2 


after 150 days. The position of the curve for 
20°C. (fig. 1) in relation to that for 25° C. was 
associated with a shorter oviposition period. 
Table 2 shows that the duration of the pre- 
oviposition period varied inversely with tempera- 
ture at 10° to 20° C. Analyses showed no 
statistical difference between the durations at 20° 
and 25°C. The mean duration of the pre-oviposi- 
tion period for 3 groups of 5 females at 25° C. 
was 23.0 days. When similar groups were placed 
at 25° C. after 20 days at 15° C. the period was 
4.0 days; after 20, 40, and 60 days at 10° C., the 
periods were 8.3, 5.0, and 4.3 days, respectively. 
Oviposition occurred at temperatures from 10° 
to 25° C. (table 2). The short durations of the pre- 
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oviposition and oviposition periods at 20° C. 
suggest that this temperature is near the optimum 
for this cutworm. There was considerable varia- 
tion in the total numbers of eggs laid by five 
females. There was no significant difference in 
the numbers of eggs laid at various temperatures. 
Temperatures between 15° and 25° C., however, 
appeared to be the most favourable for oviposi- 
tion. The numbers of eggs laid by groups of 
females indicated that the moths have a high 
oviposition potential. In several instances a 
single surviving female laid 1,225 to 1,420 eggs, 
and in a group of 40 the average number of eggs 
per female was over 2,400. More eggs were laid 
when 10 or more males and females were grouped 
together, but 1,612 eggs were collected from one 
pair. Hence, the potential of a female is between 
1,000 and 2,500. 

Oviposition in Light and Dark.—Oviposition 
at 25° C. showed that more eggs were laid in 
continuous dark than in continuous light. Figure 
3 shows that at room temperature during the 
first 14 days the numbers of eggs laid in con- 
tinuous darkness or in alternating light and dark- 
ness exceeded those in continuous light. When 
continuous light and dark conditions were 
reversed, more eggs were laid in the dark. Table 
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3 indicates a diurnal rhythm in the number of 
eggs laid as fewer than 25 percent were laid 
during the daylight period both in continuous 
dark and in continuous light. Under alternating 


Table 3.—Percentages of eggs laid by 25 females of the 
army cutworm at room temperature under various 
conditions of light and darkness in 20-day tests, 

and mortalities of the females 


| Total | 


| Days | Eggs | 
| Laid 


Mortality 


| at End 
Daylight | of Period 
O7 | o7 


/€ | ‘C 


Eggs 


Daily Light Laid in 


1-10 | 820 6 16 
| 11-20 | 8420 24.2 32 
1-10 | 9170 16.6 36 
| 11-20 | 1760 22.2 60 


24 hours light 
24 hours dark 
24 hours dark 
24 hours light 
8 hours light 

and 16 dark* 

8 hours light 
and 16 dark» 11-20 | 6700 


1-10 | 11270 2 44 


“Dark during night period. 
>’Dark during daylight period. 


light and dark this rhythm was not evident. 
The rate of mortality of moths was very closely 
associated with the numbers of eggs laid (r= 


LONGEVITY 


OVIPOSITION 


150 175 200 225 250 275 


DAYS 


Longevity and oviposition of moths of the army cutworm at constant temperatures. 
| I 
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+0.4760). Table 4 shows that when the dark 
lasted 2 hours, 75 percent of the eggs were laid 
in the dark. As the dark period was lengthened 
the percentage laid in the light decreased to about 
4 percent. Some of the eggs collected in the 
light period may have been the result of ovi- 
position that was interrupted by the change from 
dark to light. The data indicate that oviposi- 
tion in the dark is continuous, at least when 
darkness lasts 6 hours or less. 


Table 4.—Percentages of eggs laid in light and during 
2-hour intervals in dark by 10 females of the army 
cutworm at room temperature in 5 days. 


In Dark, % 
In A aan Sate Fee he ee 
Light | 
Q | O2 2-4 4-6 
| Hours Hours Hours 


Total 
Eggs 


Laid ke 


Hours of | 
Darkness 
Daily 


600 | 25 75 
1900 9 45 
1100 | 4 35 


46 


42 19 


Effect of Photoperiod on Oviposition.—Table 5 
shows that the pre-oviposition and oviposition 
periods were shortest when the dark period was 
long. In a long day (18 hours or more of light) 
these periods were lengthened almost 50 percent. 
When the photoperiod was short, the numbers of 
eggs laid per female were greater. Student’s / 
test showed that the number of eggs for a photo- 
period of 12 hours was significantly greater at the 
1 percent level than for a period of 18 hours. 
No difference was found in the duration of the 
pre-oviposition period or in the number of eggs 
laid at light intensities of 5 and 45 foot-candles 
in continuous light. 


Table 5.—Durations of pre-oviposition period and of life 
and numbers of eggs laid by moths of the army 
cutworm for various photoperiods at 20° C. 


Mean Number 
of Eggs 
per Female 


Photo- 
period 


Longevity, 
Days 


Pre-oviposition 
Period, Days 


214 
278 
464 
260 


24 18.0 29: 

18 a7 32 
12 13.0 25. 
6 2. 24 

L&D. at 

1% level é 4 


Feeding on Dandelion and Alfalfa.—Investiga- 
tions on the method of rearing showed that dande- 
lion leaves were superior to leaves of lettuce or 
alfalfa in producing large larvae of uniform size 
(Blakeley et al., 1958). Table 6 shows that when 
larvae were fed on dandelion there were 6 instars 
whereas with alfalfa there were 7. Widths of the 
head capsule for the various instars, when the 
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larvae were fed on alfalfa, were similar to those 
reported by Walkden (1950). Widths for those 
fed on dandelion and those fed on alfalfa were 
almost identical in each of the first three and last 
instars. Those fed on alfalfa had a longer larval 


Table 6.—Head capsule widths (mm.) for various instars 
of the army cutworm when fed on two foods 


Alfalfa 


Dandelion 
Instar 


Mean 


Range Mean Range 


2.6 
4.0 
6.4 
10.2 
14.7 
21.9 


32.2 


bo 
or 


2.6— 3.0 
4.0- 4.5 
6.5- 7.2 
10.4-12 

17.0-21.0 
29 .0-34 .0 


~] 


b 


"PPP 
whore 


ew 


BSH AE 


NOP wrD— 
rs 


Table 7.—Durations of larval period, pupal weights, and 
numbers of eggs laid when the army cutworm 


Criterion Dandelion Alfalfa 


Mean larval period, days 
Mean pupal weight, milligrams 
Mean numbers of eggs daily 


38.5 
29.7 
16.9 


30.9" 
37.9" 
38 7b 


‘Significant at 1 percent level. 
‘Significant at 5 percent level. 


period, the pupae were lighter in weight, and the 
moths laid fewer eggs than for those fed on 
dandelion (table 7). 


MCRTALITY, % 


DAYS 


of moths of 
water; right, 


Fic. 2.--Effect of feeding on longevity 
the army cutworm (left, moths fed on 
moths fed on honey solution 


DISCUSSION 

The army cutworm is an infrequent pest, but 
when present it often occurs in devastating 
numbers (Strickland 1916). Its abundance in 
some years has been attributed by Seamans 
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(1928) to favorable weather conditions in mid- 
summer and fall before the moths lay their eggs, 
during oviposition and hatching, and when the 
larvae feed. The studies reported herein show 
some of the conditions that are favorable and 
unfavorable for increase of this insect. 

The oviposition potential of a female is between 
1,000 and 2,500 eggs (table 2). This is sub- 
stantiated by Walkden (1950), who found that 
the eggs dissected from 21 moths ranged from 318 
to 2,241 and averaged 1,150, and by Strickland 
(1916), who reported that the largest number of 
eggs obtained from a single moth in captivity was 
1,109. As the eggs are laid in the fall, often at 
times when the weather is cool, the main require- 
ment for survival in the field is that eggs incubate 
and hatch quickly over a wide range of tempera- 
ture and moisture conditions to allow the larvae to 
feed and develop before winter. Embryological 
development was rapid in comparison with that 
of the pale western cutworm, Agrotis orthogonia 
Morr. (Lindsay 1954). At 25° C. the embryos 
were completely developed and hatched in fewer 
than 6 days compared to about 14 for the pale 
western cutworm. Eggs hatched readily at 
temperatures over 0° C. when the relative 
humidity was 25 percent or higher. 

The relationship of temperature and _ larval 
development requires further study. Early in- 
stars that normally feed and develop before 
winter could not be reared successfully at 30° C. 
As the larvae pass the winter half-grown they are 
possibly not adapted to develop at temperatures 
above 25° C. 


20,000 
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A variety of food plants is available in the field, 
although occasionally the larvae have to confine 
themselves to a single host. Studies herein 
showed that dandelion was superior to alfalfa 
when fed to larvae. Those fed on alfalfa had 
more instars and a longer larval period than those 
fed on dandelion. Unsuitable diets may cause 
supernumerary moults or cause larvae to require 
a longer time to complete their development 
(Beck 1949). The choice and availability of 
food in the fall when larvae are small, and again 
in the spring when feeding is resumed, may have 
an effect on the vigor of the larvae and fecundity 
of the moths. 

Field studies (Strickland 1916, Seamans 1928, 
Walkden 1950) showed that the moths usually 
emerge in late June and do not commence egg 
laying until 60 or more days later. Previous 
workers (Seamans 1928, Walkden 1950) had indi- 
cated that the moths undergo a sort of aestivation 
in a variety of habitats. There is evidence that 
this species migrates to nearby mountain areas 
to escape high summer temperatures (Chapman 
et al. 1955, Pepper 1932). This migration to 
higher altitudes has been established for allied 
species (Common 1954, Kapur 1955). The studies 
reported herein showed that moths require food 
to subsist and that the pre-oviposition and ovi- 
position periods were lengthened by long photo- 
periods. It is possible that the pre-oviposition 
period in the field is prolonged by inactivity of 
the moths during the summer, during periods of 
restricted and infrequent feeding, and during long 
photoperiods, all acting together. 


ALTERNATING LIGHT AND DARKNESS 


CUMULATIVE NUMBER OF EGGS 


12 


(DAILY PHOTOPERIOD, 16 HOURS) 


14 DAYS IN DARKNESS 


™ 14 DAYS IN LIGHT 
THEN IN DARKNESS 


16 20 24 28 


DAYS 


Fic. 3.—Oviposition by moths of the army cutworm in light and darkness at room 


temperature (approximately 22° C.). 
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NEW SPECIES OF APHILANTHOPS FROM WESTERN NORTH AMERICA 
(HYMENOPTERA, SPHECIDAE)' 


RICHARD M. BOHART 


University of California, Davis 


ABSTRACT 


Distinguishing characters are given for the three sub- 
genera, Aphilanthops, Clypeadon, and Listropygia. New 
species are: A. (L.) bechteli, California; A. (C.) haigi, 
Arizona, New Mexico, and Texas; A. (C.) dreisbachi, 


The North American Philanthine genus, 
A philanthops Patton, was last revised by Dunning 
(1898). It contains about a dozen species in 
three subgenera, Aphilanthops s.s., Clypeadon 
Patton, and Listropygia Bohart, described below 
asnew. Males of A philanthops s.s. have sternites 
which are nearly flat and dense hair toward the 
apex of the fourth sternite. The female has the 
clypeus toothed and the pygidium unspecialized. 
Clypeadon males have nearly flat sternites and 
little hair on the fourth. The female has the 
clypeal apex entire, and the pygidium is an 
enlarged, scoop-shaped structure opposed by the 
greatly prolonged and divided sixth sternite, each 
lobe being entire. Listropygia males have ster- 
nites III-VII concave and densely hairy. The 
female has a scoop-shaped and knobbed pygidium 
opposed by the distally notched lobes of the sixth 
sternite. 


‘Accepted for publication May 5, 1958. 


Oklahoma, Texas, and Mexico; A. (C.) sculleni, Arizona, 
Colorado, Texas, Chihuahua; and A. (C.) californica, Cali- 
fornia. 


Members of all three subgenera use ants in 
provisioning their nests, winged forms of Formica 
having been recorded for Aphilanthops, and 
workers of Pogonomyrmex for Clypeadon and 
Listropygia. 

Examination of several major coilections has 
resulted in the finding of several new species. 
Holotypes of these will be placed in the California 
Academy of Sciences, and paratypes will be 
placed as far as possible in the following col- 
lections: U.S. National Museum; Oregon State 
College, University of California at Berkeley 
(California Insect Survey), Davis, and Riverside 
(Citrus Experiment Station); Cornell University ; 
American Museum of Natural History; Museum 
of Comparative Zoology at Harvard; Los Angeles 
County Museum; University of Kansas; Uni- 
versity of Arizona, and the private collections of 
R. R. Dreisbach and G. R. Ferguson. 

Keys, figures, and notes on synonymy and dis- 
tribution will be given in a later paper. 
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Listropygia Bohart, new subgenus 
(Name derived from Listron, or shovel, 
pygidium). 

Type species: A philanthops bechteli, Bohart. 

Male.—Antenna capitate, sternites III-VII 
concave and densely hairy, sternite VIII strongly 
convex and slightly ridged longitudinally along 
middle. 

Female.—Clypeus with an entire apical rim, 
tergite VI scoop-shaped with a prominent medio- 
apical knob, sternite VI divided by a median slit 
into lateral lobes each of which has a sharp distal 
notch. 


and pvge, or 


Aphilanthops (Listropygia) bechteli, new species 

Male.—Body length 8.0 mm., length of forewing 
6.0 mm. Black, red and white. Red are: 
mandible tip, femora apically, tibiae mostly, tarsi 
entirely, tergites I-IV except for white spots, 
sternite II and most of IJI-IV. White are: 
narrow, broken, transverse band across pronotal 
collar, pronotal lobe partly, tegula, spot on post- 
tegula, costa, band across postscutellum, knee 
spots, four spots subapically across tergites II-\, 
those on V very small. Flagellum and wing 
veins brownish. Wings clear, median cell of 
forewing nearly asetose, other cells almost so. 
Puncturation irregular, punctures fairly close on 
vertex, separated by polished areas on mesonotum 
and scutellum, close on propodeum and pleuron, 
moderate in size on tergites and mostly spaced 
a little more than a puncture diameter apart. 
Dense, long, coarse, silvery pubescence on face 
(a thick beard), facial area between eyes and 
including ocelli longer than broad, least interocular 
distance narrower than eye height, and about 
twice length of first flagellar segment, clypeus 
ending in two blunt teeth, first flagellar segment 
six times as long as broad, last four antennal 
segments forming a capitate club, ocellar triangle 
separated by about one-third its breadth from 
compound eye; propodeum rough above but not 
longitudinally grooved, fore tarsal comb well- 
developed and whitish; sternites III-VII concave, 
VIII convex, greatly thickened distally, and with 
a median longitudinal carina. 

Female.—Body length 8.5-9.5 mm., length of 
forewing 6.7-7.5 mm. About as in male except 
as follows: ground color of tergite V, base of 
VI, and sternites II-VI red. Basal white spot 
on mandible, four white spots on tergite I, those 
on II-VI more or less connected to form irregular 
bands, V with a median trapezoidal spot. Facial 
pubescence dense but not forming a beard, and 
absent from convex, polished center of clypeus. 
Setulae of wing membrane a little better deve ‘loped 
in all cells than in male, a scattered few toward 
apex of median cell of forewing. Antenna clubbed, 
but less obviously so than in male; ocellar triangle 
about one-half its breadth from compound eye; 
fore tarsal comb light brown. Pygidium mostly 
dark brown, rather sharply rounded laterally, 
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broadly depressed discally, median lobe strongly 
produced into a knob; lobe of sternite VI with an 
apical notch. 

Holotype male (Calif. Acad. 
Valley, San Diego Co., California, sand dunes, 
April 18, 1957 (R. M. coe Paratypes (all 
from California), 2 male topotypes, April 27-30, 
1954 (M. Wasbauer); 22 female topotypes, April 
18-20, 1957 (R. C. Bechtel, R. M. Bohart, 
R. W. Bushing, H. R. Moffitt); 1 female, 5 miles 
east of Edom, Riverside Co., April 10, 1937 (P. 
H. Timberlake); 1 male, 33 miles east of Desert 
Center, Riverside Co., April 27, 1955 (A. Menke, 
L. Stange); 34 males, 20 females, Thousand 
Palms, Riverside Co., April 1955 (W. R. 
Mason, J. D. Martin, W. R. Richards); 1 female, 
same locality, April 10, 1937 (P. H. Timberlake) ; 
1 female, Hopkins Well, Riverside Co., April 29, 
1952 (J. G. Rozen); 1 pair, Fish Creek Mts., 
Imperial Co., April 20, 1955 (W. R. Richards). 

The clubbed male antennae, distinctive mark- 
ings, narrowed frons, knobbed female pygidium, 
notched lobes of the sixth sternite in the female, 
and many other features make this a remarkable 
species. Several paratopotype females were col- 
lected with large red Pogonomyrmex workers as 
prey 

The species is named for R. C. Bechtel in 
recognition of his interest in the study of western 
aculeate Hymenoptera. 


Sci.), Borrego 


Aphilanthops (Clypeadon) haigi, new species 

Male.—Body length 11.0 mm., length of fore- 
wing 8.0 mm. Black, marked with ivory yellow 
as follows: transverse subapical clypeal spot 
(broken medially in some paratypes), extending 
across middle one-half of clypeal breadth; pronotal 
collar, spot on pronotal lobe and on tegula and 
posttegula, costa basally, upper mesopleural spot, 
postscutellar band, femora distally, outer basal 
two-thirds of fore and mid tibiae, one-half of 
hind tibia, broad subapical bands on tergites 
I-V, those on I-II constricted medially, that on 
VI constricted submedially, four minute spots 
across sternite III. Puncturation moderately 
coarse and close, a large polished spot behind eye 
above, a small one beside lateral ocellus, a large 
somewhat longitudinal raised one behind ocellar 
triangle; mesonotum irregularly punctured, some 
punctures close and others separated by two or 
more diameters; tergites closely punctate. Facial 
pubescence dense, coarse, silvery, appressed; 
tuft of brownish, spatulate setae from clypeus 
laterally; head posteriorly and beneath with long 
outstanding silvery ‘hair; pleura, propodeum, 
femora, and thoracic sterna with somewhat 
sparse, long, silvery hair; that on remainder of 
body mostly shorter; sternites V-VII with erect 
fulvous hair. Wings lightly stained in apical 
cell, median cell bare toward base, with scattered 
long setulae otherwise. Head a little broader 
than long, facial area between eyes and including 
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ocelli nearly quadrate, least interocular distance 
fully three times length of first flagellar segment; 
clypeus ending in three small, somewhat blunt 
teeth; antenna not clubbed, first flagellar seg- 
ment about four times as long as broad and a 
little longer than two following combined; ocellar 
triangle separated by nearly its breadth from 
compound eye; propodeum above with a well- 
marked, cross-striate groove; fore tarsal comb 
moderate, yellowish. 

Female.—About as in male except as follows: 
Body length 15.0 mm., length of forewing 10.0 
mm. Clypeus with a transverse ivory mark all 
across, pale spot on scape, outer surfaces of 
tibiae mostly yellow, brownish distally, first 
three tergites with transverse lateral spots, pygid- 
ium and corresponding sternites reddish brown, 
other sternites dark. No fulvous hair on sternites: 
fore tarsal comb with broad brown setae; clypeus 
nearly flat, apical lip rounded out; least interocular 
distance about 1.3 times eye height; vertical slope 
of tergite I polished; pygidium somewhat angu- 
larly rounded laterally, deflected upward and 
concave without lobe at median apex. 

Holotype male (Calif. Acad. Sci.), Sonoita, 
Arizona, Sept. 6, 1957 (T. R. Haig). Paratypes, 
44 males, 31 females from Arizona as follows: 
Sonoita, Painted Desert area, Patagonia, Mescal, 
Greaterville, Douglas area, Willcox, Huachuca 
Mts., Baboquivari Mts., Santa Rita Mts., Atacosa 
Mts., Apache, Duquesne, Phoenix, Pearce area, 
Nogales area, St. David, Cameron, and Canelo. 
This material was collected during the months of 
July to October by T. R. Haig, H. A. Scullen, R. 
H. Beamer et al., P. A. Readio, F. G. Werner, 
G. D. Butler, A. D. Telford, J. D. Hall, M. 
Cazier, C. D. MacNeill, O. C. Poling, E. E. Gil- 
bert, R. Schrammel, E. E. Kenaga, R. R. Dreis- 
bach, P. H. Timberlake, and R. M. Bohart. 
Metatypes are 3 males and 2 females from New 
Mexico as follows: Madrid (V. E. Romney), 
Santa Fe (G. D. Butler), and Rio Puerco (A. T. 
McClay); and 1 female from El Paso, Texas 
(R. W. Strandtmann). 

This is the only known species of the subgenus 
in which the female pygidium is impressed rather 
than lobate at its median apex. In the male the 
black mandible and submedian or median spots 
on the clypeus are unusual. In both sexes the 
well developed vertex hump provides an addi- 
tional distinguishing character from its close ally, 
dreisbachi. The species is named for T. R. Haig, 
an energetic collector of Hymenoptera. 


Aphilanthops (Clypeadon) dreisbachi, new species 

Agreeing with description of haigi except as 
follows: 

Male. 
red, clypeus all black. Additional ivory-yellow 
spots on propleura, prescutellar fold of mesono- 
tum, lateral angle of propodeum, sternite II; 


Mandible, scape and legs extensively 


irregular bands on sternites III-IV. Leg mark- 
ings are: ivory knee spots, a separate subapical 
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posterior spot on fore and mid tibia. Tergites 
I-V mostly ivory, VI with three small spots. 
Median raised area behind ocelli weakly devel- 
oped, covered with large scattered punctures. 

Female.—Clypeus all black, scape red; mark- 
ings otherwise about as in male except for absence 
of subapical marks on femora and division of 
bands on tergites I-III into large, transverse pairs 
of spots. Sternites I-V all dark; pygidium dark 
red, broadly and somewhat angularly rounded 
laterally, median lobe present but faint. 

Holotype male (Calif. Acad. Sci.), Davis Mts., 
Jeff Davis Co., Texas, June 27, 1942 (H. A. 
Scullen). Paratypes, 6 males, 5 females from 
Texas as follows: Davis Mts. and Alpine, June 
and July (H. A. Scullen); 41 males, 43 females 
from Durango, Mexico, June to August as fol- 
lows: near Durango (H. A. Scullen), San Juan 
del Rio (H. E. Evans, on Baccharis), Nombre de 
Dios (H. E. Evans), 8 miles south of Canutillo 
(H. E. Evans), and Yerbanis (R. Schrammel); 
15 males, 13 females from Chihuahua, Mexico, 
August to October as follows: Chihuahua (H. 
A. Scullen, R. F. Smith), 82 miles south of 
Juarez (H. A. Scullen), Jiminez (H. E. Evans), 
Hidalgo d. Parral (H. A. Scullen), and Camargo 
(H. A. Scullen). I have also seen material from 
Canyon, Colorado, Beaver Co., Oklahoma and 
the following Mexican States: Zacatecas, Jalisco, 
Nayarit, Queretaro, and San Luis Potosi. 

The red legs, undeveloped vertex hump, weakly 
lobed female pygidium, and all black clypeus dis- 
tinguish the species from Aaigi. In general body 
markings it is close to taurula Cockerell, but the 
latter has a lateral clypeal spot and a pair of 
discal horns on the female clypeus. The species 
is named for R. R. Dreisbach who first called 
my attention to it and whose prodigious coilecting 
in this country and Mexico has greatly furthered 
studies in aculeate Hymenoptera. 


Aphilanthops (Clypeadon) sculleni, new species 

Male.—Body length 8.5 mm., length of fore- 
wing 6 mm. Black, marked with ivory-yellow 
as follows: mandible basally, clypeus except 
tentorial spot, scape in front, pronotal collar and 
lobe, tegula mostly, posttegula partly, spots on 
scutellum and prescutellar fold, postscutellum, 
small propodeal spots, upper mesopleural spot, 
fore coxa mostly; other coxae spotted, femora 
distally, tibiae externally, transverse spots on 
tergites I-IV, band on \, lateral spots on sternites 
II-III. Reddish brown are: mandible distally, 
flagellum beneath, spots on femora and tibiae, 
tarsi, wing veins partly. Puncturation mostly 
moderate and close, small shiny spots present 
around tentorial pits, between hind  ocelli, 
medianly behind them, and a large smooth area 
adjacent to and behind eye above. Mesonotum 
closely and rather evenly punctate, tergites with 
punctures moderate and well separated. Facial 
pubescence dense, coarse, silvery, appressed, a 
tuft of thin and pale, spatulate setae laterally 
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from clypeus. Pleura, propodeum, femora, and 
thoracic sterna with silvery hair (very sparse on 
femora); sternites V-VII with tufts of erect 
whitish hair, that on V sharply divided medially. 
Wings lightly stained in apical cell, median cell 
rather evenly and moderately setose except for 
asetose base. Head about as broad as long, 
facial area between eyes and including ocelli a 
little longer than broad, least interocular distance 
about 2.7 times length of first flagellar segment, 
clypeus ending in three small teeth, first flagellar 
segment about three times as long as broad, a 
little longer than two following combined, ocellar 
triangle separated by about three-fourths its 
breadth from compound eye; propodeum above 
with an indistinctly cross-striated groove, fore 
tarsal comb dull silvery, well developed. 

Female.—Length of body 9.0 mm., length of 
forewing 7.0mm. Red, marked with ivory-white 
as follows: upper mesopleural spot, dull spots 
at base of wing, postscutellar band, apical line on 
trochanters, outer spots on basal four-fifths of 
mid and hind tibiae, sublateral ovate spots on 
tergites I-V. Puncturation moderate and mostly 
close on head and thorax, very sparse on polished 
abdomen. Pubescence and wings about as in male. 
Ocellar triangle a little more than its breadth from 
compound eye; vertex a little shiny but not 
tuberculate, area behind eyes above sparsely 
punctate but not so smooth as in male; clypeus 
nearly flat; least interocular distance four times 
length of first flagellar segment; pygidium 
smoothly rounded laterally, with a moderately 
developed median lobe. 

Holotype male (Calif. Acad. Sci.), Willcox, 
Arizona, July 9, 1955, on Wéislizenia (G. D. 
Butler, F. G. Werner). Paratypes, 17 males, 3 
females, same data as type; 1 male topotype, 
July 31, 1957 (G. D. Butler), 8 male topotypes, 
August 3, 1955 (R. R. Dreisbach), 2 males, 7 
miles S.E. of Pearce, Arizona, July 30, 1957 
(G. D. Butler); 1 female, Gila Vailey, Arizona, 
July 29, 1933 (Parker); 1 male, Douglas, Arizona, 
August 8, 1955 (R. R. Dreisbach), 1 female, St. 
Charles River, Colorado, July 27, 1948 (C. H. 
and D. Martin); 3 females, 10-100 miles east of 
El] Paso, Texas, July 13, 1942 (H. A. Scullen); 1 
female, Fabens, Texas, October 14, 1943 (R. W. 
Strandtmann); 1 female, Samalayuca, Chihuahua, 
Mexico, June 24, 1947 (G. M. Bradt). 

The nearly :impunctured abdomen and the 
completely red ground color of the female are out- 
standing features in the genus. The male is 
superficially like /aticinctus (except for the face) 
and a polished area adjacent to the upper inner 
eye corner. The species is named for H. A. 
Scullen who has contributed so much to our 
knowledge of the related tribe Cercerini, and who 
has kindly made available to me his extensive 
collection of A philanthops. 


Aphilanthops (Clypeadon) californica, new species 


Male. 


‘Description as in sculleni except as 
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follows: markings distinctly yellow, clypeus dark 
basally, scutellum and coxae dark (not in all 
paratypes), tibiae mostly yellow, tergites I-V 
banded, VI with median spot, sternites II-IV 
with divided bands. Tentorial pits without 
obvious shiny spots; vertex without special 
smooth areas, this and mesonotum closely and 
moderately punctured, tergites with finer punc- 
tures which are well separated on IV—VI, surface 
subshining. Pubescence darkening on last few 
sternites, not very thick nor sharply divided on 
V. Wings light-brown stained, especially in 
apical cell. Least interocular distance 3.2 times 
length of first flagellar segment which is about 
as long as two following segments combined. 

Female.—About as in male except as follows: 
propodeal spot large, bands on tergites I and II 
sometimes narrowly divided; femora sometimes 
brownish or reddish toward base. Pubescence 
of face with a yellowish tint; no fulvous hair on 
sternites; fore tarsal comb with broad brown 
setae; clypeus nearly flat, apical lip rounded out, 
pygidium broadly rounded laterally, medioapic- 
ally with a small, obtusely rounded lobe. 

Holotype male (Calif. Acad. Sci.), Davis, Yolo 
Co., California, Sept. 9, 1955 (R. C. Bechtel). 
Paratypes (all from California), 35 males, 28 
females, May to October, Davis, Sacramento, 
Antioch, Santa Cruz Mts. (Santa Cruz Co.), 
Jamesburg, San Lucas, Fresno, Black Lake Can- 
yon (San Luis Obispo Co.), Lompoc, Saticoy, 
Kern County Park (Kern Co.), Shafter, Clare- 
mont, Colton, Riverside, Huntington Park, East 
Highlands (San Bernardino Co.), Santa Ana 
Wash (San Bernardino Co.), Castaic, and 
Jacumba. Collectors of this material were R. C. 
Bechtel, A. A. Grigarick, E. I. Schlinger, A. D. 
Telford, R. K. Washino, L. W. Isaak, R. M. 
Bohart, L. W. Quate, D. W. Craik, J. E. Gillaspy, 
J. Russell, J. C. Hall, J. C. Bradley, A. Bauman, 
P. H. Timberlake, G. R. Pilate, G. A. Kaloostian, 
C. F. Baker, and H. H. Keifer. Metatypes are 
16 males and 8 females from Tule Lake and 
MacDoel, Siskiyou Co., California, August, on 
Chrysothamnus (G. R. Ferguson, J. Schuh). 
These specimens are darker than the type series 
and some of the females have extensively red 
legs. Two of the seven females have restricted 
red markings on the two basal abdominal tergites. 

In most respects this species is similar to 
laticinctus Cresson. The principal differences are 
the finer puncturation of the tergites, the obvi- 
ously stained wings, and usually the absence of 
red on the abdomen of the female. Possibly, 
californica may prove to be a subspecies of 
laticinctus but in the Riverside area of California 
the two forms occur together without apparent 
intergrades. 


REFERENCE CITED 
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BEAUVERIA BASSIANA AS A PATHOGEN OF SCOLYTUS MULTISTRIATUS' 


CHARLES C. DOANE 
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ABSTRACT 


This muscardine fungus was the organism most fre- 
quently encountered in a survey for pathogens of the 
smaller European elm bark beetle, Scolytus multistriatus 
Marsh., and was found in larvae from five widely 
separated areas in Connecticut. Up to 6.5% of over- 
wintering larvae in trees cut from city streets were 
infected, but under certain environmental conditions 
the fungus may be much more effective in killing the 


The importance of microorganisms as natural 
control agents of Scolyius multistriatus Marsh., 
the smaller European elm bark beetle, has re- 
ceived only limited consideration. Although such 
pathogens might be of little use in an organized 
program for control of Dutch elm disease they 
may nevertheless be very important in reducing 
Scolytus populations in certain areas where the 
environment is suitable for them to infect and 
kill the host beetle. 

In 1941 Charles first recorded the occurrence 
of Beauveria bassiana (Bals.) Vuill., on Scolytus 
multistriatus Marsham. Later, Mook and Wolf- 
enbarger (1943) reported on the geographical 
distribution of Beauveria on elm insects collected 
from a number of states. They found Beauveria 
on Scolytus from only 3 of the 8 states where col- 
lections were made. However, they pointed out 
that it was known that the fungus was well dis- 
tributed in most areas and that larger collections 
of insects and more suitable methods for isolating 
B. bassiana might have increased the number of 
positive identifications. 

There have been a number of attempts to 
develop the use of strains of Beauveria bassiana 
as biological agents of control. Early, wide-scale 
attempts to control the chinch bug with strains 
of Beauveria produced variable results. Many of 
these variations were explained by the report of 
Billings and Glen (1911). They found that the 
fungus was already widely distributed in nature 
and that only when weather conditions were 
favorable would an outbreak of disease occur. 
Bartlett and LeFebvre (1934), Beall, Stirrett 
and Conners (1939), and others have obtained 
marked reductions in the number of corn-borer 
larvae in a number of field tests using spores 
distributed artificially. It is generally agreed 
(Steinhaus, 1954) that warm, moist weather con- 
ditions are necessary before a disease outbreak 
caused by Beauveria can occur. 

The reader is referred to MacLeod (1954) and 
Steinhaus (1949) for a detailed taxonomic and 
historical review of Beauveria. 
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beetles. In one epizootic caused by this fungus, 97% 
of larvae were killed in the bark of trees in a shady grove, 
less than 4% in nearby trees standing in the open. In 
controlled laboratory experiments the fungus killed up 
to 99% of the larvae in 5 days. Pupae and adults were 
also susceptible, though adults were slightly less so 
than larvae. 


MATERIALS AND METHODS 
As part of the survey for pathogens, elm bark 


containing overwintering larvae was collected in 
the field and examined in the laboratory. Larvae 
of the smaller European elm bark beetle which 
were killed by the fungus usually had a typically 
hard and mummified appearance. If moisture 
conditions were high the remains were covered 
with white mycelial growth but in drier conditions 
no white growth of the fungus was seen. Cultures 
were obtained by transferring parts or all of such 
mummified larvae directly to plates of brain heart 
infusion agar. Abundant mycelial growth usually 
appeared in a few days. The fungus was isolated 
by transfer of small portions of the fungus as it 
grew out onto the surface of the agar. It was 
identified as Beauveria bassiana (Bals.) Vuill. on 
the basis of taxonomic criteria established by 
MacLeod (1954). He has reduced the number 
of species in the genus to two and these are 
separated on the basis of spore morphology. 


RESULTS AND DISCUSSION 

Field Survey for Beauveria.—Bark containing 
the overwintering larvae of S. multistriatus was 
first collected from five widely separated areas in 
Connecticut. Examination of the bark indicated 
that a small number of larvae had died in the 
galleries during the previous summer or fall 
In damp bark the larvae were usually covered 
with a white mycelium typical of Beauveria. 
The fungus was isolated from bark in each 
locality, and all isolates proved to be strains of 
Beauveria bassiana. 

Counts were then made to establish the percent 
of infected, over-wintering larvae and pupae in 
bark collected from a number of elms removed 
from city streets. Here again it was observed 
that most of the parasitized larvae had been 
attacked before they finished feeding and before 
they constructed the pupal cells. In one group 
of 5431 insects examined, 6.59% were found dead 
from Beauveria infection while in a second group 
of 3011 insects 4.5% were found dead. Many 
of these had the typical appearance of larvae 
killed by Beauveria, and abundant growth of the 
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fungus was consistently obtained when repre- 
sentative samples of these groups were cultured 
on agar. The numbers recorded are considered 
to be lower than the actual mortality since many 
of the larvae were apparently very small when 
they were attacked and a large number had 
disintegrated during the winter months. The 
distribution of the infections appeared to be 
spotty in the bark of any given tree. Most of 
the individuals of one or two broods, or part of a 
brood would be“infected by the fungus while only 
a short distarice away all the overwintering larvae 
would be healthy. The fungus was probably an 
efficient pathogen once introduced, but was 
present in only a few of the tunnels. 

Observations on a natural epizootic——During 
August an epizootic occurred in a population of 
bark beetles infesting a number of trees in a 
small grove situated near a pond. A number of 
elms in and near the grove had died of Dutch 
elm disease during the current season and these 
had been attacked by bark beetles of the first 
brood. The bark of the trees in the grove was 
more moist than that of the trees standing in the 


Table 1.—Mortality resulting from B. bassiana infection 
of S. multistriatus larvae infesting trees in the shade 
as compared wich trees in the open 


Percent 
Dead 


Larvae 


Alive 


Larvae dead in 


Cambium* Bark” 


| in shade 

44 90 3 

12 71 6 

50 26! l 

in the open 

16 192 8 
1 90 l 
2 66 3 


*Larvae killed before they left the cambium area. 
»Larvae killed after they left the cabium area. 


open. The nearby pond and the shade from the 
other trees in the grove apparently promoted this 
condition. The trees in both situations were 
severely infested and the broods were so numerous 
that many of the larval galleries crossed as the 
larvae tunnelled through the bark. On examining 
the bark, it was found that many of the larvae 
infesting the trees in the grove were dying of 
infection from Beauveria, while few infected 
larvae were found in the trees standing in the 
open. A series of counts comparing the mortality 
of the larvae in the two locations (table 1) indi- 
cated that it reached an average of 97% in the 
shade compared with less than 4% in the open. 
The larvae killed while feeding in the region of 
the cambium were recorded separately from those 
that died after they moved into the phloem. 
Judging from the length of the feeding galleries, 
some of the larvae were killed shortly after they 
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hatched and began to feed while others did not 
become infected until they were almost fully 
developed. 

These data suggest that Beauveria has the 
capacity to reduce drastically populations of the 
smaller European elm bark beetle in wooded 
habitats such as the one described above. Of the 
factors responsible for the epizootic the moisture 
level in the larval galleries was undoubtedly of 
prime importance. The bark of the trees standing 
in the shade apparently had a higher water con- 
tent than that of the trees standing in the open. 
This additional moisture may have created an 
environment favorable for the fungus to attack 
the larvae. Another factor to consider is the 
ability of the fungus to spread from larva to 
larva and from brood to brood. The density of 
the larval infestations in the trees in the two 
areas under consideration was much the same, 
so that crossing cf the larval galleries was not in 
itself a major factor. It is possible that the 
transport of the fungus may have been accom- 
plished by small insects that could move about 


PER CENT MORTALITY 
nm > o @ oO 
° °o °o °o oO 
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Percent mortality of Scolytus multistriatus larvae 
exposed to spores of B. bassiana. 


Fic. 1. 


in the galleries of the larvae and under the bark 


where it became loosened from the wood. For 
example, Collembola were found to be very active 
in the shaded area and much less so in the trees 
standing in the open. These insects may have 
been important carriers of the fungus spores. 
Laboratory tests have shown that one species of 
Collembola, Lepidocyrtus cf laniginosus (Gmelin), 
is relatively resistant to attack by Beauveria 
under conditions that resulted in 100% infection 
of Scolytus multistriatus larvae. 


LABORATORY EXPERIMENTS 
The pathogenicity of B. bassiana to the larvae 
of the smaller European elm béark beetle was 
assessed in the laboratory. Petri dishes con- 
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taining a measured amount (7 cc.) of ground or 
pulverized bark were used in the tests. This 
was a modification of a method employed by 
Pesson et. al (1955) for testing the pathogenicity 
of bacteria to bark beetles. The dishes and 
sawdust were sterilized and the inoculum was 
added after the contents cooled. The spores of 
the fungus were suspended in sterile water to 
which Ivory soap was added as a dispersing agent. 
The treated dishes were inoculated with 2 ml. of 
spore suspension, the untreated with the same 
amount of soap and water alone. Each test 
utilized 4 treated and 2 untreated dishes and these 
were replicated 4 times. After treatment the 
dishes were placed in a cabinet held at 22° C. and 
90 percent relative humidity. The larvae were 
examined every 24 hours and the number of dead 
and moribund were recorded over a period of 5 


Table 2.—Percent mortality of ‘larvae, 


pupae, and adults at 9 days exposure to 
elm bark sawdust inoculated with spores 
of B. bassiana and held at 24° C. 

percent relative humidity 


and 72 


Stage Treated Untreated 


Larvae 92 20 
PBupae 87 0 
Adults 61 6 


days. The larvae were considered moribund or 
deat when they could no longer move the body 
trunk when touched with a needle. Mortality 
(fig. 1) was about 30 percent by the third day 
and mounted rapidly to more than 90 percent 
by the fifth day. When analyzed statistically, 
it was found that there was a significant dif- 
ference at the 1% level between the treated and 
untreated larvae at the fifth day. At the time 
of death the body contents of the larvae lost the 
characteristic translucent appearance and became 
opaque. Numerous, small droplets of liquid 
usually appeared on the body of the larvae the 
day after death. These droplets apparently 
exuded from the body through openings made 
when the hyphae of the fungus emerged through 
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the body wall. Aerial mycelium usually became 
visible by the third day after death. The droplets 
disappeared by this time and the larval body 
acquired a putty-like texture and became quite 
firm. Eventually a dense cover of white my- 
celium grew around each larva 

A test was made to determine whether the 
larvae, pupae, and adults were all susceptible to 
the fungus. Three treated and three untreated 
dishes were used for each of the stages. Ten 
insects were placed in each dish and these were 
incubated at 24° C. and 72 percent relative 
humidity. Mortality records were made on the 
9th day of exposure (table 2). Although the 
adults may be somewhat more resistant, the 
per cent mortality indicates that all stages are 
susceptible to the fungus. It is probable, how- 
ever, that in nature the larval and pupal stages 
would be most commonly attacked since these 
stages are in the bark where a higher relative 
humidity would be maintained. 
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